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I. THT SysTRv

The D=rar+rent c¢f Envirormsrtal Pretectior is charged ty teth Stats
lawd (h-r-aft=r ¢callzd CBA3FB) and Federal law? with cversseirg
eceromic devslopmant ir the New Jersey coastal area. This
reoula*icr mus+ take place at the 1zvel of the individual prcpcsal
for Arv-lcprirt, and th2 =zvaluaticr iz to te ir terrs c¢f lccal arnd
reaicnel c¢riteria  derived frer ccrprehensive rescurce planning,3d
Plavnirg pclicy must take irte acccunt both the exrressed values cf
+hos> whe 1live in +ths ccastal arsa as well as the resacnatle
cxpsctaticre of +hosz whe weculd wake their livirg therzs.9

Ned+hsr v-rrit rzvizw, nor regicral rlannirg, ncr public irnvelverment
ars nov.! rrquireswaznts in th=apselves, ¥hat is new, and what gilves
thew rCcws 1, igs +h=2 rwandate that thesz activities shall t=
cocrdirat=Ad zxrrzse<icns ¢f 2 single gpclicy.

Iand vs: ir +hs Coastsl lrea 1eg the spatial "sclution" tc a ccrrplex
seri~e  ¢f privates, putlic, ecorenic, eccial, ard ernvironmertal
"squaticore!, Ths obtdective ig the 1zrszalizaticr cf self-sustaining
and  lcrog-laszsting land use rpatterrs in Y¥ew Jersey's ccastal are€a.
The Divieicr 2f State ard Regioral Plarring, urder the [epartment cf
Trvirecrmer+al Erot=zctiont's directicr, has 1lccked at +the cverall
r=chanisr for achi=sving *hz chicctives of CARFA and tlke %ederal
Ccastal Yere Maracsment Act, Aithouah the Cerartmrant cf
Frvizormer+al tretacticn dces nect have the pcwer to dictate lard use
direc+ly, i+ do=2s have pcwers tc plan, to redqulate land us=, and tc
ir+sract with +ho public, The pcwer cf planninrg is 3In its ability
+c  sharc ©policy and provide analytic tccls fcr the review rrocess.,
The powrr ¢f z=2aulation ig ir ite akility to exercise sgelectivity
cvey rprepes=2d  development, The pcwer of ruklic interactior is in
prereotinog widar appreciation of ernvironrantal issues ard helring
devilerpsre dssiar vredects more cersitive +o ervircrrental corcerrs.

he arcates* awcunt cf vwerk, thus far, has gcre irtc perrit review,
his s brcauss permit decisions car ne* wait ard rust te rade. FEut
v shoulc¢ r¢ rraliz=d that ypsrrit review ocrly relates +to +the
fracticral amount cf +*hs «ccastal area teing ccreidered for
d=v-lopr-v+* and subiescy t¢c Departmental revisw. The planning pcwer
is wnre dpportart because it car Cirectly affect pclicy and
aralvsie, Eutrlic information, Fowzver, ie pctentially the
DrpaTérer+t'e negt effoctive power. In the long run, it can tcuch
all citizsrs, *nflusnce their behavicur, rrovide better krcwledge cf
all +h. ccastal arza, and give insight and oquidance +to lard uss
decisiarz whe=-bar csphiect to review Cr rct.

he Droartrantis envirzrcnrental managerent task carnot ke taker tco

rirusly, PBe+twsen  Startes  legislaticen, federal legislaticn, ard
rara  afdprirnistrative  and dJjudicial rulings LEF has the randate tc
o sor:thirg", F=zderal furding gives ULE® the rescurces t¢ d¢



serwthirg significart, Th2 CAFEFA legislated timetahle puts pressure
or L%P +¢ dc <ccr=thing fast.

DSLP crorncer+ratad attenticon on the recurring reeds fer irferration,
analysis, ard dncur~ntation *hat characterize [FP planning, perrmit,

and publiic “nforraticn actaviticss. The cverlarrirg jrformaticr
ne=~dg ot the =nblic, +h: plannirg staff, and +he pernmit review staff
cerstitute a rcroarar fer a Hsysten!, We are rtrorcsing that IEE

afdopt a cecrprahzangive gcluticer tc this preograrm. We are furthermers
propreine radiir methodolcgical slererts of the syster scluticen. The
reothedslegy is tas3d ecn time—saving techriques for asserktling
irforraticr, Aoirg analysis, 2valuating rperwit apriiceticns, ard
decurar*ing d=cizions, H®We pkelisve tha*t the threshold capatility fcr
aryv such DFE information syster would be +hat it conrstitute a rediunm
fcr vrerulca+ing corprzhensive pelicy, that i+ he accessible te the
public, +tlat i+ incrzase the power and quality cf aralysis, that it
imprcvs vsrrit arplicatien "thrcugh-put", and that it te rcre cost-
zffectiv: tharn present matheds.

The T-par+tmant c¢f TFnvirorrertal 2rotectior with the help cf the
De=par*tr=:n+e nof Tr2asury and Trarspcrtaticn car grgcify such a systern
fror r:eourcas at the Transportaticr Ccrputer Certer, equiprent ard
techniau= =xtansions availabls frcem cutside verdcrs, ané statt
alr=ady in th> Ceapartwent <cf Ervircrrertal BPrctecticn. Tke
irplrimertaricgn of a syster 1s fsasitle withir the 1legislated
tirg+altle aiv=1 norral budgsztary and bureaucratic «censtraints ard
+he anticirpat-d levsl ¢f foderal furding.



1¥ew Jirery's Coastal A3rea Facility Review Act cf 1973,
Managemant et cf 1972,
iew Board, Decisicn on 2Appeal of lstigh Ccnstruction

ar<a Ray
Condiminiur, Toms Liver, Jamuary 1¢7%.

An¥cnr+ Taur<l TNacisicn" of the Lew Jersey Suprerme Court, March 1975.



IT. IFMACTEATTICN NEELS

Th: D:vertmar+ nof Environwental Erotecticn kas the pcwer tc shap=z
+hz futvi- cf +*h: coAastal area =-- rct Jjust by fprctecting the
snviToyrsrz, tu* by estarlishinrg scurd and self-sustaininc patterns
of lard nss=, Thz ekiliful ex:rcise cf ite authcrity ard
respensitility will pake exactirg derands c¢r the Lepartrment for
inforwa+icr, arslysis ard dccurertaticr.

Thk= DL=paTirnen* acts as the agercy for the putlic's interest ir
th» ccas+tal ar=a, This ig a central fact that urderlies kcth the
rondate and +vhe sprcific activities of the CLerartment, The rputlic
tae riahts +c¢ infcrwatior +that the T[Lepartrert 1is c¢tliged +tc
r:coarizs. Crns rrasonacl: expsctaticn is that the ccrcerred privats
ci+iz-r sbtculd rava ready access +to facts ir the rputlic dorain,
Aro+h=r rracsonabls sexvectation is that the plannirg precess sheould
ke cren +c¢ raovizw and cormert, There should alsec ke a weans tc
rrevids +he rotential dzveloper with design assistance in advance cof
a formal vzrrit r=quast, Fermit review pclicy shculd derive frenw
plarrira rcéels te  which the putklic has wrade irnputs. Permit
decisicnits ani orinions shculd re documented in a way that rcr-
techrical perscrne car =sasily cerrpretend,

Mrariroful public rarticicatior derends wholly cn
urderstardabls media of comrunicaticr. <Crcszing thz gar tetween the
traired analvst and +hs concerred but ncr-specialist citizern is
wher= rary att=rrts at public irvclverment have fcurderzd. srarthic
disclay t+echniauzs, sgpscially when ccrputerized, cortine
irforme+icrel fidzlity with casz c¢f comprehersicr. %e thirnk this is
ar =ssertial rpublic irnformatior regquirsrmert. gublic access tc
informaticr wust bes coupled with urndsrstanding.

———— ————

Plarrirg is +hz siruvltaneous understanding cf rary factore ir
cnc spacs. Slarning is bcth rrocess and rroduct.

From tL> vieswgocint ¢f prccess, plannirg is aralysis. Tt should
k¢ cowprehsrsiva, which is te say it shculd te a rigcrous and
disgassicra*< ~valvatior c¢f a brcad spectrur c¢f data. It shculd
havz a caralility +*o intzgrate current data. It 1wust Lte alkle tc
cops wi-h large v2lures cf data ir a wide rance cf formats.

Plavrira aralvsis sheould alse ks abls to wutilizs ccrrplex
inforraticy when the ir*errelatione are known. It chculd also have
a rmeans fcr  sguilitrating wultiple facters, and fcr delinpeating
reailcns cr 7zcnss cn the pasis cf specified factcrs.

-



Fror tha viaewpoint of precduct, rplanning is disrlay. It is the
r=2rresentaticn of the spatial cenclusicns erercinc frer the plarrirg
aralvsis rreccazs. Quality of ccrtent 1is only cre rpart of the
plannirg prcduct. The communicatbtility is c¢f ecual impcrtance. If
plannirg iz +to hava2 an irnput to peIrit review, it pust tailor itsalf
to d=scisicr-wraking at the level cf the irdividual site, If planning
is to l¢ad policy, it wust e versatile encugh tc¢ illustrate irmrpacts
ard rarifications. If vlarnirg is to tenefit frer putlic
participaticn, a convarier+t ard cecrra+tible wediur ¢f cermrunicaticn
rus* r- fevnd. If planning is to te beneficial tc pubtlic users, it
rust be urd-rstandahle and straightfcrward.

Ageir, a virsatil= graphic display capatility se2nms necessary.
ITr +his casa3, i+ is th2 pzcduct-prcducing extersicn c¢f the aralytic
plarnirag rrec=:s

derpi+ r=visw onevations ars® also a corlkiration cf process and
preduct, The orocasege par* 1invelves the certificaticr c¢f ar
arrtlica*ior's cornletzrass and arn  snalysis of its strengths ard
wiaknse=s:is, The <ctrecduc* trtart of perrit review is the decisicn
~ith»r Appioavina ot A2nying a gpermrit, Present Tlepartrert cof
Fnvivonw<r+al 2rotectisrm operatione right tz called lerg in precess
ard sher+ in vroduct.

Tr: drforwatinn vaauirerents of a permit syster are wmary and

cernnlox. ¥= wstigats that an average perrit applicaticr receives
approxira+:sly scevantzen separate  functioral reviews frerw ten
r=vi=*wing ag-nci=s, Fevizw perscnnel ascserkles data relevanrt tc an

arrlicatior, aralvze it accordirqg tc various review «criteria, and
pr~s~n* conclusiors. Thz review prCC2ss, ther, thcugh at a srwaller
qs cqzapkic scals than planning, is in a 1large way duplicative cf
plarnirag  irformation activitics, Frew a syster  viewpcint, the
planrira ard rvarrit reviaew procecsses couvld te tuilt arcurd a unified
cavrabilli+*y rnr +hes asssrtly, aralysis, and display <c¢f gscgrarthic
data.

Th- presant permit process is charactsrized Lty a heavy wcrklcad
ard a flowrsrw thar dssired rate cof output, Wheér ths State's eccercnmy
irevitatbtly tu-ns upward, *he rate c¢f incerirg apprlicaticns will

incrzas-, Thisg will strain the ©presert Frecess. Solutiorn
strataaies ¢cauld irclude hiring reore ctaff, autorating opsraticns,
elimira+tina rt=zdundancy, r:ducirg delays, cr fcrestalling inccrrlete

arplicaticrs,

Tk. currcsin* preriur attach=d tc speady review dces rnct alter
th=> imrpor+arce of other orjzctives. The fpermit rrocess rust tralarce
hitw="n crewrt  M+throughru+", high-quali+y aralyesis, fair treatrent
urd=z sovitetls standaris, ard rearingful putlic participation,



Tt~ rricdnct of ravigw is the perrit decisicr which should te
mer-.  than a suprary aprrcval ¢r denial. The decisicrn is the orly
exprsssicr of th=s ravisw rrocess visible tc the public. BAs such it
should warnifas+t sourd analysis, eguitatle criteria, fair and uniforw
trzatrer+, vputlic input, forthright deliteratior, and tirely ard
d=cisiv= actior,

Ir *he cas=z cf a p3rmi+ derial, the devsicrer has a reascnatle
right +e¢ leartn how hig prciject is deficisnt, the statvtcry right
that Dr? ‘r <xercising, +the <rights of arppeal, citaticns ct
pr=c~dur+e f~r th= action, and 1ideally a. range cf alterrative
lccatiors wh=zr= the prciected land use would ks pcre apprcpriate.

Irn +ke cas= of a corditioral approval, the develcr=sr should bs
previded full Adetails on tha corditions attached tc the perrmit,
citaticrs of pracaiant acticns, ©poscsible design =suggesticns, and
guidelir s fcr ccrrliarcs,

The  irferwation systar Iequirements of permit review excead
trtesz of vlanning. Permit review, because cf its site—specificity,
nerds  ar  cordzr wore detailed data. If the dcvelcper is to surpply
thie lrvsl ¢cf data, the qussticr of validaticr or authentication
profrably arisss. Therse should alsc btz an enforcermert cr lard uses
reritorira procadure tc insure that prodjects dc nct elude the perrmit
proccss., Th=are must be a straichtfcrward mears fecr 1zrelating site
raviay tack to corpr=h=ncive recicral ©fplanning. 41l thess
irfermaticr requirerents car be ret with a syster. The [erartrent
of T©rnvirorrantal Protzaction can rsascnatly here, nct Just to plar
ccrprabsnsivaly, but alsc tc btz dirplerenting comprehersive fpclicy
with nach ard zvary perrit decision.

The west rrerinent informatiar reed 1is ttat c¢f the pectential
dvvsliopiTe T¢  propes: @ lané¢ use charge, be rmust start this
irferration s-arch fror next tc reo data. TEF is in a pesiticr to dc

both +thke devzloper and Iits=lf a favor by exterding the full
rssourc-g of it=s ovlanning and peclicy tec interested parties. It ray,
¢r +th- ¢r=z hand, f~reetall thz weakest propositicrs, Cr the cothet
hard, ir stands *o improve alrost ary reascrable prercsal. The mere
the advarcs h=1lp *hat 1c =xterded tc the develcper Lefcre he arplies
+¢ DF2 fer a rerrit, the ftetter the charces c¢f firdinag fully
satisfactcry sclut-ons tc prerleratic issues, 1Ite a waste o©f geed
idzas to erly air ther durinc revies,

Tr +hv +
cculd consicder
degian assis*+an

t ¢¥ gpublic irforpatincn and participatior, LEE
A 1z as t=ing zr=oulatery c¢rly where crrciect
¢ and puklic infcrraticn havz failzd.



Ile Systsm:  Mere Than

[l=ad
=
=
e}
-t
[[=8
1+
n
el
o))
H
o+
n

3

Hew s 21+ wa can talk of a sirqle prcgrar fcr a systen that
corpriscs guchk Adietinct activities as rfplanring, ©perrit review,

ruklic rarticlraticn ard yprciect design? 1he arswer lies in the
sutstar+ial dup;zcatlor of irforrvatior uses arcrg the several
activitire, T+ is +hgss ccrmen inforraticn rrccessing requirermernts
tha*+ cergititu+ts +ha pregrar fer the eyster. ind it is the

interrelatior of thesr reauirererts that make it possikle to design
a c-mtral svstar capakility as a unifyirg wechanisr for fcou:
discr=ts parts of CAFRA.

Th- &@dévar*aas ¢t ackrewledoirg the full rarge c¢f infermaticn
rzayir-mar+e at th: outset is that the resultirg systzr %will dc wmors
+har sirply snlve the specific re=eds of individual activities. It
will alsc censtitute a versatile resource aveilatle fcr cther LEE
usze outsidés of CASRA. Since the syster stands t¢ dc scre  thirngs
easicr, scre thirgs faster, ard other thirgs better thar present
ope.atiows, th= 1likelihocd «¢f c¢ther DEEF ucses and furcticrs
discoverir *h~ u+ility of +the CA?FM dinformaticn capakility is
grsat. A& torwug raaser for devplcp ra brecad irfcrrmation carakilities
ir a CI“FI cys*sr i3 thair use in DIP activities parall=l +c CAFEA
furcticre tut rutsids Its svecific rardate. Such capatilities as

auv*craticalilv wappinag any a=carathic data ard €ngaging in
corpute rivsd  graphic analysis cf land-tased iessues weculd fird rary
D¥?2 usfre. {Sincs, for exarples, scre of the t=chniques W€ T[prcpcss
would ep££8 up  CAFRDN permi+ activities it right rrcve feasitle to
precvid= automwat<d analysis assistancse te cther DEF Ferrit
activitive,)

Capabuili+i-¢ A:v=zloped ard used c¢n a lirmited basis ir CAFRA can
always t+« ¢xt nd~d to a larger scope at a sviseauert tirs, for
exarple, orc: +the syster preves itself in ccastal zore comprehensive
plarniro, sirilar activity ccvld te urdertaken fcr cther areas cf
the S-pre, Cnc: ar accessibkle CAFEA rpublid irfermaticr ard
par+ticireticn proc.es is estatbtlished, mecharisprs might te fcorged fer
a statsw’ds  unvitonmental pretecticn public rarticipaticr precece.
Orce +bhe *echriouss for helping develcpers Propcse ard design better
prcizcts have tasn testad ard demcnstrated ir the small geocgrarhic
dcra*r ¢ tt= ccasrtel aree, volurtary assistarce could bhe cffersd tc
the errtize Sta+n,
Mary such scinarics can he suggested. The cormon elenent is having
a virsatile cantral capabili+y fcr gecoaraphic data frecessing,
techriocues for graphic display ard analysis, and ccnverient rears
for +he @irect usa:tr dintsractacr. with the dinforratior ard the
operatio=~ of *ths svster., 7Techrique, orce developed and irmrplermented
ir a staff ard machine syster, is a great rescurce., Its aprlicaticn

and ccverage car be exterded +c¢ additioral territory cr tc
adiitioral crera~ions at ne additicral ccst. Ar cperaticnal ccastal
area inforra-ion svs+er {(CAIS), orce achieved, cculd te extended tc



irciuds +the =n*ira Stata 3in  its aqecgraphic tase and cther LEE
. activi+iie ir ire acrlicaticrs.
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ITII. NFTHCICLCSY

?cr +h- rurrcses of this repert we have censistertly distinquished
hetwe=r da+a and inforrma+ion. Lata are uninterrreted facts;
inforrmat:or is ar aqgdregaticn c¢f facts t¢ which meaning ig
asegocia*:d, 4  data rproczssirg syster perfcrrs lcgical and

anan*tita*ive cparations with data. Ar inforrmatior syster, Ly cur
d~firitior, Ass=phkles data fcr dinterpretaticn. Ccrputers can
prccrss data, and tiopla car irterpret weaning. The decree tc which
thesze ~-wn Eprocsss2s car be made tc work together is the mesasure cf
ar irferration systsmr, High inforratiorn yield shculd b= the gcal c¢f
a CAF2" pmar—machire irfcrmatior systerm,

Cony=rticnal A3*ta rroca3ssina systers have a lew infcrwa+ticon yield.
Th= =r-ascr fcr this is partly iradecuate analytic techriqus, arnd
pat+lyv thes riscuidsed rature of +he data stock. This will k=
discuse«4d +hovoughly in subsequert parts of the repcrt. The task cf
this svecticr is *+0 presznt exrpedients c¢f data ard of techrique that,
+akern +oqz+h~t, cerstitute a biah—yield rethodcloay fcr a gzograrhic
irfezratirr eycterm,

A+ *h« ‘tecirning of this study it was nc¢t arrarent that the
rreogpcsi+ior of wathedecleogy would ke sc central to our werk. It  was
Pzli=ved, rperhics naivsly, that sirce the infermaticn recuirererts
deduc?tls frem CASRA nrly skztchk +he gensral structure cf a <syster,
the A:z+ailed proqrar for a syegter would tecorz evidernt in the daily
activrtiss of %2 planning ard rsview agsnci=s,

Thie Uivigicn corductsed a s¢rise cf technical irterviews with the
aganci.e  *hatv vaviz2w CAFREA perrmit arprlicaticns. W%e particirpated ir
thess exchargis and trizd to arsvw=sr a lorg series of highly detailed
inforratieor rs3d and Jda*a wus< gquesticns. we had hcped +hess
technical int=rzviews would prcvide some additional srecificity fer
the gsrzral rrograr, This dié rect werk, but we did learn afocut TEE
data or +h:s on: hard and arcut perforrance goals for data use or the

othsr hard, The crararount gues*icn abtout <corverticnal data
procassirg and data has2 aprroaches is whzther they have utility
sguivalsr+ *c +*h= original and the <zTecurring cenritrents cf

regourc~s *+hev cost.

It is +*ypical in governmaental rlarning and decigicn—-making
situaricrs for actions and rpclicy to be ssttled cr a purely
irtuitivs rasis, ard for data precrssing to 2rgaqge in after-the-fact
attanmn*s +c¢ valida+a ar djustify burchs2s. This is backward. I+ ie
alsgo rackserd +«c bnild a data tase Yty first idsntifying data
cat=2gorizs ~f avnarant ippor+arca, ard then ccllsactirg +the highest
pcssiols arad: of data in zach catsgcry.



In tro*h of +the ahov2 typical situations, tce little attenticr has
gor: tr As+rerrwining what inferratior is actuwally wished fror data,
and *+s2e 1i++1: planning has gone *tc hew data can actually ke used tc

preduce  irforwatian. It 1s new possikle *o sirplify data necséds,
arelifty th- indwelling infcrraticn ccntent cf data, and
interactivaly 2xnloara intuitiors ard hurches in advarce of decisicns
ard colicy., <h2 counscted series of techniques that we will prercse

cerstitures a wathedoleqgy.

(MY Tafa sSinmpliflicatizn

The firs+ +thrust of w2thcdology sheuld te tc reduce data needs tc
cenveniert, raasonably rarageabls properticns. Principal stratagies
irclude a svstazwa+tic philoscrhy ¢f  data  vYthrift", wutilization of
rofdz11linag +=cnnigu<s, the use c¢i dara svurrcgates, teavy reliancs or
gulf-urfatirc forre cof Adata, ard a geographic data structure.

L Wshnif+y" chileoscphy of data pears orly storing ard raintaining
data «ha% ar= nzicessary. This qgernzrally reans avoidirg the
irclusicr »f data that "geen® irpcrtart kut are nct kncwn to b=
rn=odzd, Thr cecnczpt of a corprshersive invertcryv of data types crly
rakcs serss 1f thaers I a parallel ccrprehensive use cf data.

Th» most preminant unnecessary <¢lass c¢f data is the bulk of detailed
data arv +fF=2 gi+*=-spacific lzvel that usuvally gluts mgst land-tased
irnforration systars., In three of the four CAFERE inforrmaticn nreeds
{planr.?na, vputlic particigaticr, and rrciject assistarce), tco nmuch
data car corplica+= matters and okfuscat2 real issues. Crly in the
perni+t Tryvley procass is a qreat deal of detailed site-srecific data
zss=ntial., Ard =vzn in this case, it is rct recessgary tc store it
fer all +ir¢,  The applicant dsvelcpsr car he expected +tc¢  previde
ruch Zf nc+t all raeguired@ data ir the perpit applicaticr. Giver
propar assistarcs, it is reascrnatle +¢ rprovide all site-specific
avaluative Adata as a single verified and validated file in wachire-
rcadakl. fecrrar, It nesd stay active in the syster cnly lcrg ercuah
to tnatl~ precessire, Thereafter, cne need corly retain thcse rparts
¢t ths F3ils that slucidate the regicral file (in the case ¢f a
perrit dorial) or +hat have congfecugnces on future decieicre (ir +he
cass ¢f a permit arrrcval).

scord stratagy for kespirg data withir wganagsatle ‘tounds is
ing Tochrnianss fcr using ccrputers te wedel conplex
mena FCt the purpcsee cf gpecific predicitcris are well-kncwn,
3 ret be tb=labored here. Mcdels are frecuertly used in
coniunctier with ©r=mcte data, generally require large-caracity
cerputer  rroc:ssing facilitiszs, and are est2enmed bty virtue of their
reaninaful d=vivativa inforwraticr rprroducts rather than their cormplex
us= cf raw Iinrut data.
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A +hird s+rat-gy 1s to wake cresative use c¢f data =surrcgates, <CI
ninAicaters" as  +thay are sorstireg called., Usirg data surrcgates
wmeans cutes+itn+ing availabtls krowr data for related but uravailatle
data. Yuct depends or the zsxtenrnt cf ccrrespcndence tetwsen the
"irdicatcr™ and the phencranen for which it is tc substituts. Swarp
ratl=s may w31l indicats the prescrce of swarps (cr swarps may bs
Adzfin-ad +t¢ w=zan the prsesance ¢f swarp rarles). Alluvial scils may
k= ar indicatecr of flccd-prene areas, Irfart and rec~natal
mor+ality ray bs an indicatcr of *the gereral service l=vel cf a
heal+h carv d=1ivery system,

The in+-nt is +=ha+t th:z indicatcr cata shcould substitute closely fcr
a r=~la+<d +*vyr= of data which is ar irrortart informaticn dirnersicr
bu+ =ithzr ig 4ifficnlt +¢ ortair or dis irpcssible to wmaintain.
Iri+ial e+udiss hav=s t¢ @ascertainr corresgcrdsnces. Eut crce a

nce has has=r valideted, the surrogats data can L&  used.
ccasicnal sarpling ¢r spot-checkirg will te sufficient
rcdictieor withir statistically accertable 1lzvels cf

Ther=af+sr, ¢
to guarartc. o
cenfiderce.

sreots  sersging relies c¢on the ccencept of data surrogates. Eercts
znsing frer t~ar+h satz1lite has had extensive arrlicaticn ir  larnd
s clageifica*ior, ard is alsc teing used to mcritcr land use

se, Ir thzsz2 situaticrs, the satellite is rot intsrrreting
lard use Airnctly. Father, 1t werely nwmweasures the spectral
raflectance ~f the land cover, ard tears this data FLack,. The
irtsror:ztati~n dis donz: later and takes advartagz c¢f validatzd
irdica*cr relatisnships. Studies ar¢ now showirg +*hat thsre g
great ccrrescondenc=s betwaen land cover ard Yunderlying® land use.

(?y  Szlf-Drdazing Data

Thz abovs dfscussinn lrads irtc a fourth rmajer technique for keeping
data tesss ranaqgeabls: pinring data uses to data scurces that havse
Puilt—ir rechanisrs for urpdating. This dces nct rear that data
thrrenlvre can rejuverate. It does mean that evern thcugh data get
0ld ard cut-cf-date, whole rew replacenmgnt gets recore availarle
fror =sxtcrral zsonrces, If +he data rase 1s structured with this irn
mind, fils updating can te achicved alrost autcratically.

Thezs arr +*tyc Dproad kinds cf coastal area data that can fte easily
kept current, Th=y ccrrespernd te twe o©of the priwmary irformaticn
direreiore 1in +ha ccastal zcne, Orne of these is the lard-ccver
dirzrsicr rereioned abcve. Thro other is a sccic—-scoreric dirersicn
which car te +hnught cf as “pzcple-ccvsr®,

Tl =sar+h sata2llite imracery car weasure nulti-spectral lard
ccyar +2 alben* sre—acre rescluticrn, This data, stered eor digital
taprs, cen Yt: rvwrocssgsed by cerputer te cluster statistically-
significart corbinaticns of tesflectances irta M"sagnatures”. These
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car b ccrr«latsd rlesely with lard cever tvpes through validatioer
gstudias., Thara2aft=z, validated sigratures can be used t¢c autcrate
the intorprotation of land ccver.

TLe ".S. senlcgical Stvrvey's Geograrhy Prograrm currertly
digtinguistes tares dozar major types of land ccver for +the United
Stat-s. Corr=c+ i3intarpretaticn at c¢ne-acre recscluticr is or the
ord=r of 90%., A%nut +*wc dozer ¢f these land *vypes arply ir DNew
Jurscy: Teeidantial, commsrcial, dindustrial, trarspertaticn  and
utiliti=e, iniuetrial or corrsrcial <conplexes, cther tuilt-ugp;

crepland, orchard, other agricultural; deciducus fcrest, evergreern
for~et, mixsd fares+; streams aré carals, lakes, <res23rvcirs, tays
ard =etuarizss; farzsted wetlard, ncnfcrested wetlard; teaches,
bar» »xrcsrd rcck, quarrits cr gravel pits, trarsitional areas, arnd
rixed rars land,

Dirend:no  on snitakle atrospheric ccnditiens, updating cculd
tak~ place as fraguzantly as zvzry nine= days, now that twc satellites
are fuorc+iorinrg, This Aegr=e¢ of curzency, ard the low unit ccsts cf
the techriour, could tring such tacske as the merniterirg of land use
changs ard a=z2narAal coastal v7cnc¢ surveillarce within the rossitle
dorair of a crastal arza informaticn gysten (hereafter called a
Crisg).

Arctb=r sz:lf-updating data scurce ig the U.S. Census of

Populaticr and Hcusinag, Thire has teen a Casnsus evary ten  years
gircs 1760, Theare 4arz also Cercuses of Agriculture, Business and
Govsr~rer*ts which nccur in  irtsrcensal years. Pubtlished C(ernsus

tarule*icrs ate characterizsd Yy a wealth cf detail ard hiahest
stendarfs of accuracy and professicralism, The data car be used tc
forr a ccrorshensivae profile cf the sccic-eccreric characteristics
of ar er=a. Frinte¢d repcocrts, though chsarp and easy to use, do rot
irclude +ke  full +abular breakdown o¢f gecgraphic dstail. This
detail is crly availatle ir +he fcrr of cormputer-readalble wmagretic
tapzs f-cr th: Canzus. '

Tr:res aw=2 rwadjor advartages 1in having cerputer facilities at
hand fecr Cersus data. A& laras rertion cf the ccastal area cf  New
Jereny (the counties cf Middlzsex, Fenrcuth, Ocear ard Carge May) hag
rc snall—ar=3i cov=srags in printed regpecrts. In additicr, neither
Ccear Ceurty ner rCap= May had, at the tipe cf the 197C Czrsus, teer
dividsd ir+n~ C2niene *+racts., Freor tha 1980 Census ¢n, surrary tares
will centair small-avaa takulaticns or all parts of Now Jersey's
coastal arz:a. This rmeans  that sccic-eccrceric detail will te
avallatbls at *n2+th +the thlock—-grourssnursratior Adistrict ard tract
levzls,

¢ waijor AdA=ficisrcy c¢f Csersus data herestofore has keen +te
v intrryal hetyzon actual ccurts, The varicus techriouee for
c ira irtsr-cursal changss have rot rreven whelly satisfactery
ir fast-grcwing areas. The current plans fcr five-yzar Censuses of
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opulaticr ard Housing {from th: 1980 Census c¢n) wculd :1educe the
orecestirg in*erval to screthirg that can ke reasoratly rridged.

Five vyoars is etill a lorg time to wait for a data update.
Fer-unat-lv, C:nsus tarulaticn arzas in New Jersey de rnct crcess
muriciral Lourndarias, Consequently, any putlic agency that has ar
oracira Asta gqathsrirg furctior ard reports its findings ty
ruricipality car halp tc update the sccic—eccreric prefiles derived
frer c=rmsvus  da+a, Fcr exanrple, the Terartrent c¢f Llaktoer and
Industry, +hz Devartrant c¢f <Corrurity Affairs, the Livieicn cf
Taxax.cn, ard many cthar Stats cffices recqularly ccllect ard
tatulats detra at +the wuniciral level. Extersive machine-readalle
fil»>s ar- evazlatkl=s for planring and rwedelling gfpurreoses, Ltut are
seldcr usrd,

ps It *urrs out, the variaticn ir rany sccio-eccrormic factcrs
car bs  lara-2ly credicted 3ir tzres c¢f twe central variatles:
porulaticr. and grar capita rorey ircore. New techniques develecped
by *+h= Tursau of +h~ Cersus rake it pessikle to derive wmupicigpal
agtirate s c¢f +hese variabkles wi+th a thiak degree cf cernfiderce.
Thcuch urrcliable in caseg 1irvelving rapid qrowth cr srall
gscaraphic ar=zas, the new wethcds provide pmurnicipal estirates at a
stardard cof accuracy as vet unwatched ty ary ctter technique shert
of a fuvll-scals ccunt.

7k~ theroughly d=tailed btas» of data fror the Cersus, rlus
arruwal a»¢é -v=r ronthly puklic ag:sncy updates, ©fplus a reliatlse
ruriciral dinr=r-ccnsal sestipator are the trasic dingredierts fer
meriterirg secic-scnncric changrs,
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Fff-ctive corrutszizaticr depserds on the structure c¢f data.
Desigr <rrers in data structure car inhibit data use bty fcicirg rers
tire +tc s epent cn format cenversior thar or rproductive analysis,
Data fcrwat corvarsior is a chreric source cf error ard frustraticng
we t=1Zzve It can k= crzcluds=d,

TL:r: ar: mrany ways to organizs data, wheéther ty functicral
cat=sqor , aa= =t data, scurce, scale, decreasing reliabtility, cr
alohabe*:cal ordor. EFach fcrm ¢f crganizaticr erphacizes differert
cornz=cticrg tatwezn factors -- waximizing sowe relaticnshipe while
precludire cr cohzcurirg othars, I+ is crucial tc system wusatility
that data k= organized sc as not tc suppress krncwn relationshirs,
yet still rfrables irnovativa use. This reans orgarizing data arcund
a urniversal f=ature=,

n i

[ PR

]

Tard-rzgxd vreferance is one feature all data used ir a CAFERA
inforraticr systan would have in corrorn. CARRA is not directed at
urrzlated =v=ents in a vcid. The whole purgpose of the legislaticr,
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ard thersfcrs of tne inferrmatior syster, is the Joirt relation cf
rany factcres crarating simultarecusly in one place.

Tc avpr-ciatsz anqraphic data structure, it is necsssary tc
urdzrstard th= nature cf ag=cgrarhic data. Fvery gecgraphic datur
cerhinse 2 tfac*" with 3 "locatior", The "fact" part ray te thought
of as & theratic dascripter, ard the "lgcaticrY part as a pair cf

cartssiar ccordinates, Technically, then, there are three
dirznsirrs to any g=20grarhical datur. The "x" dimensicn {esast-west)
and +re= "y digansion {rncrth-south) waks ur the lccation; the vzn

dirrrsinor ie a theratic d=scripter {such as a cocurt, opneasursrment,
depsity, c¢r gradation). & thematic "wrarp! is a display ¢f some set
of "z" valugs ir *srms of +heir "x" and "y lccatcrs.

A data eystom for CLTEA cculd include any nurbsr ¢f data sets,
but_  wculd n=zd orly cns gsograrhic fass khethar this base ccvers
orlv *h- cras+tal arza cr includses the en*ire State ormakes little
differvrcs, as 1long as all theratic data reference it ir a unifcrr
fashicr.

Th=* rTrceaniticn ¢f tha cermeon  gscararhic dirersicr in CAFER

da+a uz¢s sirplifiss ret c¢rly the definrition, Ltut alsc +ths
corstructicr, of a Coastal Ar:za Irfcrratienrn System. Mary different
thsratic filas can share all or part cf a ccrron gecgraphic kase,
thus wriririzing +he *ip2 and =zffort costs nf bringing ur nsw files
for analytic us=.

mhie ‘trinas ue te the cerputerizatien ¢f data. The three-
coorfirate concapvtual foarrat of lard-based data allcwe each tharmatic
“rrap" to s stored as a stardard three-dirensional array ir  +he
certut=r, R:f:ir=srcing all thematic files at +the cutset frcr a
common ascoriphic bass file routinives data rrarara*icn, sirplifies
£il: rain*fnancs, <nables convenient data usge, and aveids fcr all
time =t: lalyrinthine problers of data format cenversicn,

Corsidezing *he votantial for a cowputerized data tase, ail
Census data and ruch putlic agercy data is already beirg caollected
in terres of ag-cqgrarhic references., Fcr examrnple, the LULR prcgrar cf
the US G=o5lagical Survey (s2e Arrendix A-1) is ncw cerpiling
sat211lit+ 1land cecver data by rwunicipality, Census tract, public
terure ard radicr wa*tzrsehed., This mcans that a coarse znvircnmental
and sccir—=conowic data tasz can be asssrkled and rairtaired at
gxtrar~lv lcw cost and high currency.

hr fcrecning discugsicr bas souaght to  cstablish the 1lcgic,
Erec=ssg, ari fzacitility of gecgravhic da*a structure. The recst of
this s ct; atteprcts to show heow this arprcach gfprovides the
founda+icr f a spatial infcrma+ticn syster.

-17-



Greagrarhic data struc+ure, tesides ‘tein a lcgical ard
corv.nis-r+ wav *c¢ corvutsrize largs fileg cf lard-tased data, Trmakes
pessibls reijnz advances in date preductivity., Traditional corputer

proc-ssirag ten oftern rerely +ransfcrrs data in*tc other data, withcut
advancirg th: caus=s of mesaningful infcrraticn,

Th=s m:+hndclnaical key is to *take advantage c¢f the intsrpretive
pcwsr ¢f th> huran 2v2. Gecgraphtic data structurs rak:ss it pecssikls
0 u+ilize ta2chniquzes ¢of cerputer graphics tc rrcducs visual

displays, c: "raps®, Ccrpared tc  koth textual ard tabular
presarta+isry, yigual Adisplaye have higher corrunicative efficency:
th=y agzt +r¢ <nforratior acrcss. They ragister reanirg.

Th- ruman zy: 1< a scpristicatod patterr reccgriticn device.
The procsgs oY sw:ing invelves the rrciectior ty the l2rs cf the eys
cf a visval imays or ths Tetira at the tack of the eye. Ir the
spacs of Just a fcw lavers cf cvlls, an undiffzrentiated irage 1is
cerresed irtec Urattern" and trsrsoitted via the optic nerve to ths
Yfrair wtict intsrprets tha patterr, The brair car rarrcw the dcrair
of reccariticn, focussirg attertior c¢rn srall aspects cf the pattern,
This shif+ frory the paroramic tc the ccnstraired fisld car te rade
at will, Fradinag is  e2ssertially the cconstraining c¢f rpattern
recoari+icr +*c a g2quence cf sirple and srecific shares, relying cn
higher lvvele ¢f wental processing to assertle nearing,

Rrzadina, +ther, is lirecar preccessinrg. Sirpie shapes 1ike +the

le+tte-s ard rumbers ar:z cormpiled tv the train into reanirg serially
rather +han Aas instantanzous pattsrrs. There are nmary kirds «cf
narrativs, 2xpcsitorv, dsescriptive, deductive, wmwathodical, and
icgical ceorrusnicaticn tachnigues that rely cr sequerntial processirng
tc  achisve w=anino. It pust ke rerenbered, hcwever, that all these
techriquss ar: raally just a specialized arnd artificial constrairt
of na*ivs pettern r-ccanitiorn akilitiss.,
S=quen+ial data input to the Frair is a relatively slcw ard
irefficizr+ way %o rsailster understanding c¢f spatial irterrelaticn,
The wer= conplax *he terrair cf data, the wore difficult textual cr
tatular Arscricgtion hecome ard the greater the value cf the visgual
disrlay. ‘

Tke uss of visvael Aisplay is ar irportant elermsrt in a land-ktased
inforratior wethndclogye. PRy cortirirg much factual and relaticnal

data ir*c «on: pi=2cas of wental input, the essential "meaning® is
preszrved while the serial sxtert ard tctal tulk of rprecessing is
rednc '@, Jr +h=s thenretic terms ot inherert inferraticr ccertert,

the usc ¢f visual Aisclave comtires data fidelity witt ccrrpressicr.
In +tk: practicsel +=zrrs c¢f ar actual syster, +the use of visval
displays peans mackines producing maps irnstead cf recpls rreratirg
text.
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Th= amcarariL=T's gnal ¢f prcducing useful infcrratior withcut lc¢sirng
vereimilitude applies +o  land-tased infcrratior systers. Tc keeg
versiriiirvds high, land-kased studies have rescrted tc ircreasirgly
refin=-@8 da+a and corplex wed=ls., Wwhether tuilding better data Lases
or builédina hettoer wodsls for cernbirnirg data, the <result has tleen
volurircus data rtrrocessing and greatcr levels cf precisior, but nc
parallisl ircr-as® Iir usabls inforraticr. Corputers were Yrcught
irtc lerd-rased studizs +*o bandle +he data fprccessirg and te
rairtair data accuracy, kut have thus far «ccrtributed 1little tc
irnforrarior mw2thciclogy. The ccrputer's facility fcr certining ard
trarsfecrrirg data intc rore deta has made it all +cc easy tc get

travrc=sr in a AdAata avalanche.

[ XD

Data fidelity s nsczssarv  tut rot gufficient ir an inforwaticn
syst:m. L s+ratzqgv for data ccrpressicn is alsc reeded. Irstsad of
the mwers epplicatior cf a ccrputer tachrolecgy,larnd-tased infermation
sys*+emg r=allv call for the de=vwzlopmert of a cormputer methcdclogy .
I+ g ~gs t2 us that the way o do thie is t¢ configure a syster to
brinag da+a up *¢ A point whars thke hurmar rind can easily and rapidly
draw ‘r+slligence frcocr it, wmake rwearingful conclusicns, and
gen-rally r-duce the data intc irnfcrrmaticn.

Th= arrrepria+s device for data cerpactior and dirfcrraticn
distilla+ior is not +*he corputer at all, Etut +thke huran eye.
Gravtice ‘g +ho aprropriate rediur. Usirg computsers tc gencrate
visual dierlays givss *the &nd4 usger far rmors lgverages ¢r irfermaticrn
thar dess *hoir uss in stardard tetuvlar data rrccessing. 1647 The
supericriry ~f araphic cermuricaticr ¢f spatial data is wz1ll krcwn
ard prot a3 n:w discovery. What 1s new is i+s gpeotential fer
recrgarizirag lard-taged inforraticr systers, The r=ascr fcr rot

relying r¢r= con graphics in the past was that warnual techniques ars
zxp=ar.sivs ard +irc-consuring, ard auvtorated technigues were nct  vyet
avaiiall:, Ccmput=r graphics have been slcv in arrivirg, Thie isg
partly a mwark=* rssponsa, but it is alsec partly a consequerce c¢f the
~arly dioitel tias of the corputer industry. The heavy erphasis orn
rath matical e=rial rrccessing capatility ir the dicital cerrputer
was an artifact of =hs indus*ry?'s rarly histcry. The early rilitary
ard civilian apnlications c¢f corputers strcngly irfluenced the
suts=qu-rt n1rnwrth and devsloprert of the 1industry,. The late
blocerira ¢f comout=~ graphicse is <ccnsequertly wore a histcrical
accid=:y*+ +han a logical corsequencs of irfcermaticn science. There
ig ar ircifun+tal rexal here:s basgic dacisicers rade (¢ nct wade)
sarly Ir d=avaslopwr=ntal stadss +tend to wisld great suksequent
irflv=rc: on futur= potantials fcr qgrowth and exparsicr,

Ir anyv cass, *h> corputer Iindustry has caught wup in grarhics.
Wher=as a f=w vyrars aqo tzchniguz was crude and tschrology was
cos*t1ly, r¢cent invaestiga+tion has shecwn us that sorhisticaticr and
capanili*y ar: hiah and headirg higher while costs have drcrped
glgnificartly., It turns ou* that thzra is nc lcnger any gccd rzascn
far Aisvizsing cowputzr grarhics.
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It ray he +ha+ the histeorical crientation of lard-bassd inforraticen
sys+*rg +no giant rwratheratical data grrocassing capabilities was
countar—rroductive. With the advent of rmini-corputsrs as renote
t=rminals, it has bacorm3z feasikle tc produce more useful inferrmation
from 1lcss Adata rprocassing capatbility. Thie is a gccd reason for
paying at*erticn ro methadclcgy early in the planning process c¢f a
coastal arca inforwaticr syster (CAIS).

Thz X<ys to ottaining high irforwmation vield from a coastal aree
irforratior systzr lie in using g=ographic techkricues and cormgputer
graphice techreolcay to +take advantage <¢f ttz humran user’'s
nnderutilizsd visval abilities. Tha fcllcwirg twc section will
¢latecrat. cr tzchrigus and technclcgy.

gr:nted Analysd

Zr-aldrznxed 2

Itn

The wechricus descrited in this sectior is a gereral way fcr raking
nse ¢f ccrput:r oravhics techroclogy and corputerized gscceded data
to disrplay *h= indwsllirg "pattern" of spatial data. The madjor

conclusicr ¢f our rasearch is that end-prcduct Minfcecrratior" ard
Aata Adiepnlay flpartsTn! car te mrade the <care thrcugh  user
rregrarmira, Thz tasic techrique is presertsd in this secticen, It

consiz+s ~f a concsptual wethed with urlipsited pcssitle variaticns,

+hs four DFF Coastal DBArea resrcensitilities
sirultanscus understanding of rany factors

be correr obtdsctivs of
e, sr e
tioral arnalytic wz2thcd fcr dcing this is the
h

T f
b az no*=¢ zarlis-r, th
ir one  spac=, A *radi
Yrny=rlay map", This tschnique has tezn used bty DEP, fcr example, in
itg (fficr of Tnvizenmwantal Aralysis study of the Fcerter

» udy ccreisted ¢f the cunmulative superimpesition
of data e:ts {nvorzlaying of facter vrmars) tCc  spct zeras  whers
specific s=ts cf cecnditicnes occurrrd. The point of the study was tc
dey-lop a w-zhod feor 1idzntifyirg fragile ecolcgical arsas whers
verformarcs s+andards shculd te applied.

Quadrangles This st

The Reocnter stufy coneic*+ed nf the manual collatior cf ¢ight factcrs
into a 7.% winut» 1MSGS quadrarglc cheat. Exclusive of first-tire-
orlv mr+hocCclogy and start—ur cests, a single guadrargle cf ccllated
Aata crzt about 515,000 ir staff time and tcck fcur recple a half
year, The CAFFA “=srritcry corprises fifty-three such gquadranglses,
Ras.d c¢r *+hie, a manuval factcr overlaying activity fecr the entire
CAFRA arra wculd ccst $79%5,000 and tak: approximately ore bhundred
p=rson-yrars,

*or+unat<ly, th2 us= of ovzrlays in gz=cgraphkic aralysie is no lorger
res+*ricted by +zdious anrd tirs-corsurirg hand ccllaticn retheds.
Cerpu+ters can b> usad +o autswate raruwal procescses. Whele s=zrizcs cof
alt-rra+ive cvarlavs can now ke gernsra*sd 1in rinutes, either on
draftina parcs in halftcre shadss for forral presentaticn, cr cn the



aquival~rt of a tal=vision screer for interactive ranipulaticn ty an
aralyst.

The alllity =2 nverlay cemputeorized data gets is an 2lemertal
cararili=v cf cemputer graphic rou*ires. The real gqussticn is nct
wha- ~he rachins doss with factor sets, tut what their
sur=rippcei+icr weans to the analyst whe kroughkt them tcgether.

Iv rost real-werld situaticnes of irforratieon need, ne single data
g2+, rer anv s=ingle factcr, has mwuch reanirg in its ocwn right.
¥rarn‘ng is contex*ual, This is particularly trus c¢f weanirg, cor
informatior, in a land-tased context, To get g=zcararhic
infornﬁt:or, diffrraent kinds c¢f aecgraphic data wmust te certired.
Thie is whka* a ogecaraphic inforraticn syster deces. This is alsc
what g:egraphic Aata displays dc.

Th> precess ¢f stalking desired infcrration is the business cf the
user c¢f & waz3cgraphic inferra*tion syster., Ir the hards cf a good
ararhlc analyst, information cortert car be rade tc cconverge with
visual vattarns c¢f cutput data display. The tasic methcdological
re=corrsrdation of this sa2cticn is that general rzliance be placed or
the irterration-rrnducing gpewar of corputerizsd gscgrarhic data

overlave., ¥: call th2s2 ovarlays "statistical planning sutrfacsg",
Th- s+ta+*istical planning surface is an cutput data ararhic in +threz
dirensiors. Twn direngicne hanrdle g=oqraphy, arnd the remainirg
diransior handl=z inforwaticn cortent. The pcdulaticn ¢f the third
dir-nsicr carn b handlzd in many ways (such as perspzctive altitude,
half-+tore grey scals, cclor hue, color =saturaticn, ratterrned
t=x*uz¢s, cr isonli:th lines). As the chcice ¢f rare =shews, it is
zagi~=2+ +0 visnalizse +h= analytic output graphic as a three-
dirensicral mao, or "surfaca", The statistical planning surface is
zgszntially an autroratically-generatsd "centcur nmafp' custeom-rada to
yicld irfe-ra+iecn on a specific target guestior,

The "ridcre" ard "walleve" of a planning surface are not, ¢f ccurse,
al+titudes abteve sea . lsvsl, but varietiors ir sore ccrpound dirersior
relivart ¢ land vplannincg ¢r rwanagenent {fcr exarrles, scil
credability, land valus rer acre¢, ecclogical fragility, cr
drvelormert suitability). Th> planrirg surface wmay cemtine any
nurbst  rf factor data sa2ts as lcng as they are hslisved to rslats
tc, "mede=lM, nr Miqdicat:" the spatial distrikution ¢f a lard-ltased
phencrency baing s+tudiad,

4

A a=ngrarric infcrratior syster 1is rased or the torological fact
+hat psrfect sratial coincidsnce ir the data tase will at lesst
assurs arcorarthic ncrrslaticon in any ccrmkinatior of data sests. 7The
rcal skill 2% using such a sSyster approxirates rpmodel-making.
¥rowing what *o select, hcew tec define, ard when tc research ars
hallrarks of qrod z3chriquz, Wher the plannsr-analyst selects data
for a rlarn® rq surface, he 3is tuildirg a spatial rcdel. 1Theg
tochricue of using planning surfeces is virtually ths sare as that
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c¢f mnlanry

intifyirg the factors that are invelved in corgplex
asographt

q iAanti
iesu2s, and having a sernss cf *the interrelaticn cf data.

i} we
4]

C

B auzgticr. way havs arissn as *tc heow different data sets ray be
cerbined +¢ groduc: a singlse display. This is net ths ferbidder act
that i+ avprarg *n k2. The regascn Is partly that data are c¢nly
corbin:i with other data that r=fer to the same basic gecgrarhic
leccatinr, ard paztly that da*ta are rnot wused 1in their own Tright.
Data arc u=:4 *n graphic rrcgrams in a diserbodied form. Actual
uri+ts 7o strwipp=d Aaway and +he resultinrg distributior c¢f fpure

nurhsre is partirtionsd irtoe gcalar clasges  {using pre-set
convint cre cf clasg in+*erval ard rercentile distrituticn). Scealar
clagsase can b rsadily cecrkined and rules qcverrirg their

corhineg=ior w&da irto ar algcrithr fcr ccrputer processing.

The rr~ascr +that data can be diserbodied arnd cortined as scalar
class:e ig *that thsy ars all first judged tc ke "indicatcrs" in scrne
way of a ccrror thera2. The thecry is that, thcugh no one data set
+2lls +hie ern+tira story, several well-seglected irdica*c¢rs <can rcugh
ir a gund sratial acvrrox:raticn., If data sets are truly relesvant tc
ar inviegirls tarqgst phenomenon, their Jjoint spatial =ffect will tend
+¢ 1’1 ferce  th~- M"pattern® c¢f lccatior anrnd distrikuticn of the
prener.rer Yeirg saught, The gensral efisct is cre c¢f selectively
reirforcine  rru=  inferraticen “signal" and carcelino cur spuricus
backarcuré '"nedset,  Many typeg ¢f variaticn are ressitle on  the
plarnir«a gurfac= corcert. Fer exarpls, all facters in a spatial
rod=l cer hav: =2gual weiahkting sirply bty being included, cr, ‘the
weigh+ving cof factecrs can te variable. It car be wmade tco reflect
krewr lcaical or wa+heratical relatiorships (an =xanple wight Fe
using vrlarrina surfacss +tc¢ rredict lcca+ticne cf aquifer rechargs
arcas). ¥-.igh+tina can alsc te wused +0 tuild 1in rpre-determired
policy {ar rc=xarpls wight te gpecial erphasis fer certain scils tc
help pr .srrve prime agricul+ural land fror development).

The mroe+ valuatl: fzature c¢f +he planning surface 1s that it
preg:-rv:g +re rasic inferrational cecrtert of data whils reducing its
digital bulk, Urder =ven sinple assurptiors ard coarse data, it is
a rowartul I*z wost dinteresting mode of s&applicaticrn is facter
cerbiretfor accnrding to Adecisicr lcgics (such as usirg ¢nly lcwest
or higl:-e¢t scalar values in each sprcific lccaticr, which wakes it
pcssibls  te =2valvat: land use In terrs of liriting ccrstraints and
“holdira caracity",

An  iracipativs wez2r can adart +ths rlarning surfacs to rany
arrlica+ierrs, I+ can b= uszd tc identify and delineate zcres (such
as ¢rvironrsntal sencsitivity ¢r bousira reed). It car cptimize

loca*icw ¢r rout: choice (regardless cf hew "crtipmal® is defired).
I+ can ghow a rreresad lard use charge in its regicnal context
{rrgarél:ec cof hcw rsogicnal cortzxt is ccnstrued). 1The planning
surfacs mrav t= a r=scurc: for vwerging wrajer viewrcirts or data
prnfilce (esuch as socic-sconorvic ard ervironvental data).



2lennira szurfaczs can bs ugeful in the evaluatior of alternativs
plars cr precaram &lamsnts,., They can bte used tc assess rropcsals for
gprciflic gites or find arpropriete sites for specific lard uses.
They c¢ar. also be adaptsd to illustrate the consequencses resulting
fror «r1iss nof alterrnative dsvelcprent  scenarics. Because the
wrightira cf factors may bz changed, open evaluation and negotiaticn
of +tradr-cffs tbecomss fzasikle, It is alsc pcssitle to rake
rerrative: us: of th= plannine surface ccrcert t¢ ccrpute  the
oradisr+t of gna+ial charge rscessary to arrive at a target future.
This zreversz use o0f planning surfaces wakes i+t thecretically
pcesibls *c¢ Ao mete =2fficiznt and ccrprehersive lorg-rarge plarrirng
and regcurce allccation,

211 +h: atcve exawrplss are feasiltle aprlicaticorns ¢f a general
inforraticr c¢erncept and technique. The wversatility cf the techrigue
leadg ug +o rv=cerrernd i+ bz wade +the certral inferration rethcdclcgy
for DT E caoastal arsza management, Thcugh wvsreatility arg
corrunicaticr #ff=ctiversss ares thr prime reascrs fcr a rplarning
surfacce wrthedclcay, there are other irportant advantages tcc.
Thiy weuld include +hs fcllewing:

Nrd=retardalbrility

Flarnira sur-facss ars 38§ =

y to wurderstand as cverlays.
BF=causa +they 1

a ily urndzrstcod, they have great
pctential applica+i puklic irfcrrmaticr functior.
Treo  cgrcecrual sirmplicity does no+t detract freor the utility
c¢f plerning surfaces. Eecauss they tend tc capture the
grr-ral ecauilitrriur naturs ¢f =scclcgy ard scorcny bketter
*har. ta2xt, the best role cof plarnirg surfac=2s is in pclicy
ferrulaticn and cemprebensive planning.
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211 +h~ arrlications we have «cited above sirmplify the
rzccz=ss ¢f doirg gecgraphic analysis. In the typical <case,
aralysis consists of makirg straightfcrward irterpretations

cf avtomatically—qger¢erated displays., The systematic use of
vlarnina ecurfaces 3in either rlarnirga or perrit review
aralysis, «could help routinize frccesses that have a
rerdancy  to wove slowly. The integraticn of aralytic
araphics ir+o daily routine cculd spsed ur aralysis and free
valuakl: staff time, 1Thz =zcc¢norwry car ke circular ard self~
r~vps*uatirg fo the 23xtenrt specialist talert is sutsequently
ckarn=1:4 rack in+to ths "dessign" or specificaticn cf further
sra+ial wnodels that <carn be used tc rcutinige additicral
crerations,



Cermiruiry

Trtere 1= 1i++le Adiffererce Letweer <creating an output
displav and «g=nerating a file fcr stcrage. It weculd te
feasitlz +¢ havz scre plarrirag surfaces kept ir a dyraric
wcde, T+ would b= of valus tc fperrit review ard lcng-~rangs
vlarning staffs in particular tc have a ccntinvally wupdated
ric+ure of som=s critical lard dirmersions. 3r exarple wculd
e mairntairirg a planning surface ¢n the accunulated effect
of ircrarantal vperrit  decisicers. This weculd wmake it
vossinle for staff to deterrmire at what rpecint effects
rrciected  for ar irdividual acpplicart groiect wculd cause
+he prodjz=c+z2d curulative irpact of all preoiects tc  exceed
-statlish=2d standards., The centirvity ¢f a dyvramic rcdel
:natls threshheld decision-waking c¢f this kird,

sist=rcy

ssreTal reliance  on a corputerized planning surfacs
rethk-Acloay offars a uniferr way tc analvze data cering inte
*he planring cr perrit Teview process. It alec cffers a way
*¢  phas=z cut c¢ld data, and to btlerd ir pew data. Fuleg and
regrlations backsd ty a rigecrcus and dispassicrate analytic
r=+tlcdclogy can help tuild cormprelersivensss 1into LFP
rroc:ss~ss ard insure agairst charges c¢f capricicusness c¢r
incersisTancy, I£, hcwever, new data radically alisr the
ccrtours ¢t a rlannirg surface, L[EF would te censistent with
*ta mre=+thedoloqv to reject permit applications where sirilar
rrrrits had previously Leen aprrceved,

Locumentation

Th+ vianning surface grarhic display is an effective kind of
Adecur:ntaticr, A1l that has teer said atcut
urdsrz+andapilitv and cerncice mreaning arvly Just as ruch te
decvrr.r+tarv justificatior cf a decisior as tc the fprecess cf
~vaching a decisicn. Thes spatial rodel that is used and the
relicy d=termiraticns of waichting, b=irg rfperfectly
zxrlicit, present nc pretlen., Just as pictures car be werth
a trousand worfs, rlannirg csurface disrlay grarhics can savs

a ttcusand worde, Thie «cculd be <c¢f greatsst valus irn
Jpstifyirg cermit decisions ard corrunicating gpclicy
d¢+rrminations. RBaing arls to show, fcr exarple, that a
greres=d  land uss chanage falls ir the tern—parcent ¢f the
ccastal zon= =zcologically leas+ suitable fcr developrent is
a zrznagsive plzcs of svidence. Feing atls alsc tc show as
rar+ =f *h=2 putlic infcrration process the +ten—percent cf
th: rncastal arsa Leést suited tc¢ wadcr davelorment isg

rsuasive infcocrmaticn alsc.
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I+ will suffice +to say that the uriversality c¢f hurar
patterr racognition, arnd the thorsughness and ctjectivity cf
corpu*t=2rivad graphic display, give validity +tc rplanring
surfacas and msaning +t¢ +*+he patterns that ererge. The
ur d-retandarility of the oethed and the visibility of the
mosul+s +2nd *c give gr=at credibility tc the statements and
cerclusions that are dsrived,

We haves =xolainsd wan-wachine graphic aralysis, and <rececwmanded it
as +hr appr~priats answer tc L[EP's general irfcrration needs. We
hevs warli<z m=ntiorsd thes supsricrity cf thie arpprcach tc sither a
wholly marnuwal or whelly vrecharical aprroack, and we have even
rrizflv visualiszdi a orumber c¢f crpessikle arprlicaticns of *+he
r=+hcdclcay., That rz=rmains tc e discussed is the preper rix betweer
rar, rachirs, and rrccess.

{&) Jr+rracting with th

e e S e Y

Syster

I

In +th- ferooeing s=cticn wa axrlained marn-rachine grarphic analysie,
ard rsceorr=rdad it as the arrropriate answer t¢ TDEP's general
inforwmatien n:zads. Wz carlier nmentiored the supericrity cf this
holly waruval or wheclly vrecharical apprcach,
iz

apprcach t6 2.+*h=r a w

an¢ wo  hricz=fly visualized a nurbker c¢f pcssitle arpplications cf the
me+hcdclcecgy, I+ Tamains +0o make scres okservaticrne akcut the cptimal
miyx b2tw=2er man, machine, and prccess,

In ecur cpinian
inferracinral Ny

, *h=s mors +ha+ tzchrolecgy car argplify the

cgage”" vty taking advantage of ths huran user's
irbarert carahilitizs, +he ketter thz irforwaticon svster. Uf t¢ rcw
thie remer+ has hesv  strossing the rethedclegical advantages cf
Prinaira data in%to a corputsr~augment<d fcrrmat fror which specific
irforratior can ks =xtruyded in terrs of spatial pattern. Time alsc
rlays ar ‘roortant tols in humar percecticn.

Cual advancrs in +schnology ard technique have draratically
shertared thk= tima neaded +tc  preduce computer gqrarhics, Whereas
Wher=as +traditional hatch wede gratrhics with its slow queune
turnarcurd can +tak2 hours or days, interactive graphics take seccrds
or wiruntnas, iff=ctiva use <c¢f Dba+ch rode graphics depends
przcarinuely on oaneg ability tc¢ pressrve a train cf thought cver
leng +ims epang that rssul+t fror slow turnarcurd. Thise ie ro £i¢
way tc de analysis, ard, forturat*ely, it is no longer necessary.
Suts=gusr+ narts of +this repcrt, as wz2ll as Aprendixss BA-2, A-3, ard
¥, will gz intc devail about equiprent and t:cianique., ?for the tine,
i* wil]l sufficz +o d=clare that pr=sent *achnolcgy rakss it pessitle
tc ottair a cualitativs shift in the nature of ar infcrma+ticrn
sysz=m's utili+vy.



Intorac+ivieyw is a relative ¢terrm. Thr<e gpecific 1levels of
. technical capakility s=ar tc ke irvclved:

» @ rela*ivaly-inaxpsrienced individual car uss
a comoutsr syster withcout the aid of an inter-
vaning specialist;

. *this irtsracticn takes vlace in the shcrt tire
r¢#ricds af ths huran attenticrn spar; arnd

. *hz svstasr is crogramm=sd to he "conversatioral®
ir that +hes mwachine <zsrcnse cucs
+hy us=2r irtn subssquert steps cr cptiaons,

As svs*sr sof*war~ is rsfinea intc =something aprroaching 1language
dialcqur, as =auiprsnt 1s dzvelcpsd tc respcerd with guick grarhic
cutpu*, as *urrarzrcund catches wur wi+th the pacs ct kuman

invertivenzes, ard as the threshhold of recessary sxpertiss is
lowsr2d  t¢  <h» narrow atilities c¢f an dinfrequent user, an
irformatior gsystsr 1s doing wrecre than Jjust augmenting huran

capatili+tire, I% is roving the user into a dimersior that was never
hefcr» pecesitla, Tho systam bagins to bte used as a dirsct sxtersicer
of th=z userst' theught rrecesses.
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Th: g-r:sral infeorwatior nezds o¢f +the C37RA furcticns fecrr a

“rroaram® fert a systzw, The rprecasding section rrecserted ths
outstardira rothcdolegical experdierts that we have unccvered. Th=z

prazen*t szcticn neoncsrins the rrccess cf turning the gereral pregrar
ard rm.a*tedeleqy intn a specific rrorcsal.

Thz rarcg: of alternativas cren *c¢ TLEE would arrear +*¢ consist cf
Acina nec+ting, =sys+tzratizing conly cwre of the CA?FR irforrmatiorn
reauircr.rts, o7 fully systeratizing then all. Crly +he last cf
*+hes> turrs onut +to b2 a viable choice. The first twec are spuricus
alt.rna+ives, 1In th= ¢cnz2 case LCEPF can not affcrd +tc dc nothing.
Furding ig already availakle, the Fedz2ral spcnscr is expoctirq an
inforraticn syster, the psrrit review prccess is alrsady «crerating
near i+s full carac ‘ty, and +the CAFEA +iretabls feor rlanring
enyirorrer+<al waragersrt i1s stszadily slarpsirg.

In th- cas - of th2 gzcand spuricus alternative, it is ssnseless +co
dc a rvartial svstow whan the threshthold cest fcr doirg a full systern
s so0  low. A fnll syster (cre +that can hardle the sirilar
irforva+ticer n-3ds ~ft of all the CATRA functicns) is the crly zreal

al+zrnativse.

We corcertratsd  attartior on systeratic reans feor capturing and
studyira +he urndsrlyi ‘ng irfcrratior vpatterns «c¢f gecgraphic data.
Spatial ccrr=laticn 1s a mors important fact of land-nslated data
t+han is nurirical tehavior., Cur arcrroach tc the precgram c¢f a <CAFRA
irfcrra<icr sys<ew has bzen dir torms ¢f irfcerraticr methecdeclcegy
irstead of wa~c¢ data crocessina. We recogrize +that +this arprcach
ray be ner-standard, hut an instituticral rrcgrar as dedicated teo
gzcgrartic phzror=2na 2and spatial information as +that of DEP is
urusual *cc.,

Irasruch as thsrs 1is s0 1little <real alternative to the full
sys+t=ratizeticon nf all <C2a7r2 irfcrraticr reeds, we telieve a
mz+hcdclecafcal argproach is the correct one. BArycne who argues that
CAFQA sipply nz=ds bae*t+ter data processing cr  just better data is

rissinrag *h= roint, Wha+ is really =ssential is hetter irfcrraticn
corrunica+irn -- ar 3apalytic wethod  that «car wake scrwething
meaninaful ~u+t af othsrwise rwszarirglzsss data ~— a flexible tecl for
condsrsing +thes "castalt" cowt <¢f vclurmincus data ir readily
pazrc~ivakls wavs that non-tschnical persons car quickly ccrprehberd.
Thurs is re altarrnative +¢ ccrrretensive systeratizaticr 1if the
rrogzar irplici+t in CAFRD 1ig +¢ be wholly fulfilled. Frorm cur
irvastiaa+icr into wzthodology we cernclude that this nears achievirg
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ar irnt:ractivsz capability for rwanipulatirag, disglayirg, and
analvving arcgravhic data. 2rythira less than this will rect fulfill
the Prcaran. Thz proc:zss <¢f specificaticr starts with this
cerclusicr,

EE e SRS aaa oS

The moet empbatic of the sevesral iritial ccnstraints expressed by
Dk? was +th=z dinfunctinr +c¢ aveoid irvestications that cculd ke
charactsrized as "stats of the art." TDEP's irterticr vas ar acticn
proarar +kat weculd vield a usallz syster rather than a piece cof
original rrceearch, This turr=d cu+ *+o he +hz Lest pecssitle attitude
becauszr +F+ g=are of tha indus+ry is such that all ths ccnstituert
parts cf a sygter arz on the markst, available in sirilar versicrs
from wul+*pls v=rdors, apsraticnal at ore or wncre lccatien, and
readily ‘rrlaran+tatbtle in New Jarsey if sc¢ desired.

Othuz cecrstrairts W recognizsd were tudoget, rperscerrnel, ard
+ivctable, OFf +hesa, budget g the least corstraining factcr. ‘tvern
theugh *Pe arn+vicipated lavel of fedwral furdirg has always appzared
arrls fe~ urcinchaed CAFRR sys+teratizatior, there is nc reason why a
cowrplcots gye+ o skould be exrersive, L[FPB already has access tc  +t+hs
largs and carakle corputcr facilities of the New Jersey Departrment
of Transger+tation. Cerrared +¢ the ‘tasic L[CT central precessing
urf+ ard crporating system, the additioral scftware and equirprment
n=ed>d for Ci¥3% systera*izaticn 3is  srall. The dollar arcurt
alr=aady rudo~+t=zd ir th= Sccord Year Csvelopment Grant of the Coastal
Zorns Yaragew:rt PBroaramr fcor ceortractual acquigiticr c¢f irferration
syst-m ccrron=rnte ig arcugh tc¢ do the jot withir one fiscal vyear.
It ie dreirabl- *o0 +*tirs ratjer acquisitier and develerpment
sxpsnfi+urrs zarly in the federal fundirg +c qualify DEE fcr
subssousnt aidrinistrative grar+ts as rapidly as possitls,

=

]

This i¢ 1ror *n =av +that the lrudgatary prccess of estatlishing s
CA?ER svezter wnnld t=  =ither fast c¢r unccrstrained, The Stats
Trrasury iwgesas  oxacting reaquirements cor riddino ard accsptarce.
Tris irsures =hat syst=zp purchases will te efficiently cerfigured tc
acriev: DEF cb-d:ctivss a3t lvas+t tetal cost. Letailed rerformarce
spacifica*inr is 1r=zcsssary, but I+ takes tine, FPFubtlicaticn of the
RFE tak=s +ipm=, waiting fcr Ltide takeg tire. Chcesing, cr
negotiatira, an accaptatle rid takes tirme, The rrirciral
cecrssquarce nf  +th=  budgstary proczss is a sukstartial ard
uravoidatl: lag hstwe:in deciding what is necessary and teing altle to
ast i+,

This trirge wup +h3 constraint cf timetatbtle. <Cther than fcr the
marda*ory budas% vrocess, CAFRER systeratizaticr cculd proceed at any
sp=*d. CEFEE cnlv provides a 9general kird c¢f schedvls, kut it is up
tc DEP +¢ s:t the tvace., Had DAEF initiated +the syster acquisition
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procese  ir  January, a prototyp: syster riqht already te cperating
aréd could have t=:n us<d this surrer to estirate ard dccurwent the
“cavahili+y 02f ~+he varticus ar<ac vithin %he ccastal area tc abscrt
and rzact +¢ war-wvada stresses," If the svyveter Lecams crperaticral
in 1¢7e, it could e uysed tc Cdevslop talterrate long-terr
srvizorrertal raraqgsrernt strategies." If the syster onrly tzcars
oreraticral Iir 1977, it cculd at 1lecast bte used tc evaluate and
st lact ore snpvironmrantal raragerert strateagy te ke the
"eryironrmsrtal Adesiqr for +the ccastal area." In cther wcrds, the
soon.r 2 evetar ceuld b: dnplerarted, the garlier it cculd te used
ir lraielated CLFRE tasks.

I+ is useful *o considsr +ire rers a rescurce thar a dirersicn. In
this r:zcoard, d:cisinne rust te rade atout how tc irvest +timre irtc
studyira, irpleperting, and u*ilizirg an infcrraticrn syster. Scre
time %will ke =sresr+t gtudyirg the needs ard uses fcr a  syster, Scre
tirs w}ll1 +th=sn havs to Fre spert acauirino systen elepmerts ard
az*ting tropr %coszthesr, Th=n tire will have to ke spent learning +*o
utilis~ +he systsr and trirnging it into daily LFP cperaticrs.

Ton ofrer. gtudics consume the tiggest stares c¢f bkcth tirme ard
tudqe+, DFPfe brcad vrograr of activities calls werz fer genszral
ard flexirls carvahility +han for carefully-ressarched sprecialized
rou*tincs for specifiesd purposes. It =shculd be fecsesitble for
applicaticrs *o k: devissd ty users as reeded fror the capabtilities
of A versa*til: ard =sasy-tc-use syster. We ccrclude that tirme shculd
be inpv-s+=d in systams study only t¢ the sxtant necessary to specify
ar  avprcpriately varsatile syster and +tc¢ Justify the initial
decisicn tc¢  build i+, There is a r[poinrt ¢f diririshirg returns
wh=r=after fur+har study +dus+ dslays the time when actuval uses of thsz
syst=r miagh* t=gin,

A coasrtal ar=a information sys«em (CAIS) will crly be partly rade cf
squiprir+ ard sof+twars. Fzscpls make up the rest cf the systerm. And
pecole will bz the mest corstrairire facter of all. Systematizaticn
r=ane autcwrating =xpensive ard tire-corsuring activities, remcving
redurdarcy, wzinag present staff vcre cffectively, precluding needs
fer futurs tirirg, and ririsizirg the necesesity c¢f high-rriced

extornal  consultants. Systamatization alsc rears inncvation, cr
chanaivc *+he ways rpecrls werk. The r=2ality of inrovaticr is tha+t it
takus *ipe *o changz things. Systeratizaticr is wmore thar just
acguirira n=w =guiprent and software. It dis alsc uysing it ir

r=gular cp2ratiors. Timre is rneeded for staff +o tecore famriliar
witih 1% “+echnious, tc werk cut detailes ¢f creraticn, tc develcer
agrrreriate forrmats and precesdures, te Elar arrlications cf
techrnicus, and +o irccrporate ther irto the irstituticrnal frarmewcrk.
Ths fas+.r DEP can get a workatle cenfiguraticr of wachinery ard
technicu- tle sconcr th: slow task cf syster irrovaticrn carn  begir.
Actual s+aff nses of a syster, ever 1f ¢f conly a rmodularly-urgradalkle

prototyps, is *+he best way to invest limited tire resctrces.,



(3) Ths Matur:z of Chisctives
Thes orzcrfdirg ©paragravhks raised guestiors abtcut further study and
tirztalls *ha+~ w=rs not answered.

Regarding fur+thnr study, if corrrehensiveness is want=z4d, a
comput~riz:d gz=cgrarhic irforratior syster is what is needed. If
corpr=hensibtility 1is wanted, interactive grarhic aralysis techrniguse
ic what is nez24ded. If both comprehensiversss and corprehensibility
arz war+«¢A, th=: adop+ticn cf the methcdolecagy ¢f +this rapecrt is in
order, ard +h2 steopg for building and irplementing a gsysterm shonld
reair. VYo furthzr ctudy is recessary; a decision can te rade.
This g th~ courss of acticn we raccrrend.

Thouah = would 1iks +his r<Teport to he as persgsuasive as we ars

perenadzd about ths d2girakili+y ard necessity cf such a systam, we
know *hat a+ first Teading it is not. The madcr line c¢f arqurent is
gcing te¢  sg2:w  +tnzorstical and unconvircirg te wany. The crly
cerclusive argur=snt will bz crs that shews rather than tslls how the

prore=ed syst:m can d» hettsr work than current metheds,

Dcysndinag chi:fly cn DE? arrarging staff +tirs to do it, syster
visualiza*ion and prototyps irformation grachics can ke swcrked ur
concurrently with +the publishing of a "request fcr prcerpcsal'. ir
o+h=r words, stz2rs to cormpuricat2 the rature of a CAIS and tc hegin
plannirg It+s arplications could tegir tc take place in advance of
tavirco -sguiprant and scftwars rhysically irstalled,

Though 3t iz rpessiblzs for DEF tc fully systermatize its gecgrarhic
irforratior rz2:z4s, i+t iz not pecssilkle t¢ acauire a "full" systern
extornally, It should bz rercswbersd that the "esysten" ie defined by

its dirfcrraticn objsctives, net its physical parts. EFquirrent and
scftwar-, which will cowve frcm cuteide DEF, are c¢rly ©pait of +thz
Sys* . Thz ~sther patt, that which will actwually deterrmire systen
usg~e, i< alr:=ady "irstalled" at DE? in the fcrr of perscrnel, data,
and  irforration nz22de. Tks decisior to start irpleranting a
g=cqgravtic informa+ior systenm, theor, r2ans simuvltanecusly laying cut
+twc thiras:

(1) t+h: asrsral targs+t capatrilities fcr equipment
and softwazre, and

o~
19]
~—

~h3: avoplicatinons Ly which ussrs will get at
coweplsx indw:lling gecgraphic irfcrmation.

s a way cf taainning irterral systen developrmernt, this repcrt, or
ar ahstract of 1it, could ts circulated t¢ rarties involved ir the
g~vara) CA?PA func+icrs., B cecver letter fror the Coastal Area
?2larnira Ccerwilinatcer cculd reques* <ach ccrcerred agency to FICECSE
frerm +huir werk 2n= typical planning or revisw rprohler that requicrses
spatial A-t-rwinations., Th=s: typical problsms coulid be wcrkzd ur
as a srrize of cuick-skstch case studies showing hew thes geograrhic
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informatior 3y3temr propcsed wight autcrate and irprcve CEE
. t:chnicurs. This would szrve fcur purpcses:

. rprovids yisualizaticre of thez actual use of a CAIS
: E icns »

. turn uv potsntial strongths and weaknesges in the
Frocnes«d CRIS,

« vyi:131 an initial chscklis*t cf typical protlerms a
CRIS mwich+ b2 askzd +¢ hardlz, and

crking cu*line fcr first syster

irly L= we
'ca* ion nfcrmaticrn needs

(‘1
24 fi
W

[ .

a

=3
wn

Thi=s ‘Frrirgs up tip=atable--ths sececrd fundamental questicn relatirng
to chjective=, Is LE2 k=2hind, <¢r, ¢t ahsad ¢f "scheduleV regarding
ar information syvs+tzm?  The ansvwer der2rds cn kew brcad a dsfiritior
of inferpaticn rsauirsmants tc accert

Cf +hs ag-n=ral wandatas +that drlineate coastal ar=a irforwvaticn
rzeds ci+ed =arlisr, +hz ore that puts the greatest tire pressure ¢n
DFPE Zs CA%RY, Tha lanquaqe cf CPFEA dces not, heowever, call feor arn

irferma=icr. gvsrayw bty nawe,

z fecr ar inventery fn  Szptermber 19755 faor rmwanagemzant
ise v S-pterb=r 197¢; ard for an enviicrrental desian bty
=7 19877, If an infeorratior syster is viewed as teing djust a
rrchanier frr hardling ar irventory, +ime is pcre scarce than if an
informaticrn syster is socn &s @ maicr ceg ir rmaragerent strategy or
the rain car in znvirermental dssign.

Thz ro~hecdecloay  (pz2szntsd in thils report) d1is well suited tc
suste*rira all <bras lavels nf CAFEKEA irplementaticne Ercadening the
defini+ticr of C(CAIS t¢ mear 3its bcing ke vehicle fecr envirermartal
fdagign, rct nnly aives Di2 =lbcw reer withir CAFRA, but will alsc
kr2p +k: "irforwina® rgle of infermation in persrective,

Despite  our hortatory posturs threougkcut +the repcrr, arn irforratior
syster r-allv is & means not ar end., Falancing scclcgy ard eccncmy
ir +2rrg of land wuws=s is +he gocal, anrd a CAIS fcunded ¢n an
int:ractiv. analvtic grarhics rethcdolegy is a mzans tc¢ achieve the
acal.

From +tis peoint of view, the repcrt is rroposing the methcdclegical
rnucl-us feor a long-+c¢rr =znvironwen+tal ranagerent strategqy. It is  a
meare  fcr  thz  fdalinsaticr c¢f various areas arprrcrriate fcr tha
devzlormsr+ of resid=rxial ard 1irdustrial facilities <¢f varicus
typns, d=prnding on  *+he sansitivity and fregility cf the adjacent
snvirerrent +9 *he sxistance of such facilities."® It is rcrecver a
. way *¢ "+ak:z drtos accecur* +tha crararourt need fc¢r rreserving
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spvirerrertal vaiues ard the leaitimate need for eccerceric ard
resid-r+ial arecwth within *the ccastal area."
Crs ray ¢corclinds, th=sn, +tha+ since envircnrental managerent

stratsairs ar» ne+ dus te bs fully dsveloped until Septerber 167¢,
DE2 Je 2hwad c¢f schedule ir corsiderirng the recerrendaticng and
wme:thodelcay of this r=pcrt.



Ve TARCFT CA?PEITITIES
en=ral arsas ir which perfcrrarce gcals fer a CAIS

. irvevtary maragersnt
. ouar+i=arivs: res2arch sugprport

» irt:zractiva thematic rarrirg

Tke. pure his s3ction is “¢ survey the raict requirements in
<

[N
2ach of tr-g=

=~ S AP <. TS ST~ S = B

Tte crra+ior ard wraints~nancs of a coastal area irventcry invclves
rreblars ¢f storans, zditirg ard retrisval fer twe kinds cof data: a
gecqgraplic rass file (GEF) +c which all rplanning data ars tc teg

refaronc=Ag Aané corpreharsive teoypical files which ars +he subdect
¢f plarniro res=arch, =.q, scil *ypes and eccorcric gprefiles, well
records ard housing Adescrliptions, It is articipgated that tsuc
diff~rir+ £i1. structurss will be called for, ard cecrseguzantly  twce
Aiffersp+ gety of fil=-raraganm~rt software, This dual rnature of the
data bese ir +turn irplias the existence cf special scftware for file

irtsgraticn.

) Tre orcqgrachic hass file

n

The G677 will ke stored ir the feorr cf ccordinate pairs (x,y)
T#Ppr-s ‘na g:caraphic locaticns. These rairs are identified
gith=r as di=sclat=sd ©points, c¢r as rwarters cf point-chains (line
szgmonts), ¢r 2s intarea3ctions ¢f chairs., All cccrdinates will  he
given ir +=2rxrs cf a corpmor cartesian qrid, mest protably ths NJ
S+tato Flanr Corrmidinats Syster,

.
+

—

There ar- a nurber of ways cf generatirqg these data. The c¢re
mcest  arrrcrriate o CAIS nz2#de 1s that of a miricorputez—ccrirclled
automa+ric Aigitizzir (s=2 2pe=zndix 2-2)., This systsr ¢f s&guigrment

and prograrse can for c¢ur purrcses be treated as a single =lerert,
which as 2 whecl=s rust b= atle tc:

. trarslats pap inches irto 3RF cccrdirates
. Tec+ify wmar =rrsrs in scale cr oriertaticon
. 21lcw =ntry 0f lartels (te iden+ify segrert or interssect)

. aurcratrically clcse pelyagcens, rake "IY duncticns, etc.



L ecowewhat ners =x%:ndz=1 perforrmarcs specificaticrn, rrerared ty the
U535 fcr i%g own {UCL proazamr, is wcrth exaririrg ir this regard.

Th- irv:en«ory Yraszd ¢r +hs 3B? prcduced ty the digitizer nmust
acczeeill= +¢ logical search ty its wainterarce scftvare. This
ne i+ ghonld bz wvogeikli~ +tc find all rcants within a certair
rarce ¢f soms line, or all tourded aresas less than & certairn
=, or &all lirsg +that pass thrcuagh a giver rclygcn, ¢r any cther
X ly +crolngicel <r=laticnship. The c¢rly eccrcrical way tc
accorplich *this ob-ective is to have the spatial relaticnships tuils
into the s+ructursz of +he data lase.

(2 Tecpicel Flanning TLata

I+ rmrust+ bz cmphasized +hat ths 3E? centains rc "data® ir the
famriliayr s«rs= of that terr. It ic orly the Yegg crate" in whick
ths ~=cords cf *opical intzrest are stered. Cr, tc¢ change
ms farhers, 1t 1= a Dbarz Christras tree cr which ctherwvise
urirteroetinag roxss of decoraticns are *¢ te hurg.

£ c¢f thig dual-stcrage inventory systew is the

Ths erbkor hail
s *that hcld varicus iterms divided intc topical

closs+ full cf hovy

(as Qdis+irct Frer spatial) catnaories. All the tax data in cne
fil=~; all +k= =0ile data in another; censueg infcrma+icn ir a third,
atc, Thie Filz svetaw also rereds a package ¢©f ranagirg scof+ware,

typically referr=d tco in the Irdustry ag 'data tase rwmanagerent
systeme (CEVFS).

Thk: task 0% +th= DRMS is *+c facilita+te the re+triaval ¢f s+cred
data, +hs ertwy of paw data c¢r updating of old; and the inspecticgn
of loaical ard ouantitative relaticnships amcng stcred iterms. Tc
this +rd, recs+* TCEMS packagses corsist largely of scrphisticated
routines fnr Ada*ta reatrisval and disrlay, preferatly with scre tuilt-
ir <statisrical rrograms fer quantitative aralysis. It should te
pcssibles feor :xamcl2, 2 produces a list ¢f all runicipalities whese
schoel tPrudagets were less tharn 80% of their tudget, tut which have
total porulations of less than 25,0C0 pecple, not incluvding thcse
wh<re *+he redian incore is cver $14,C00.

Quantitative B=soarch Sur

t

l1g]
[(a]

c
I+ is rzcegesary, bu* rot suffici=nt, to te abtle tc stcrz ard data at
will, Th= C3I5 rus+* suppcrt plarnirg and csvaluation activities as
well as sirple invsntery tasks, This rmeans that its files rwust ke
roet mir-.y Aisplayarla, Etut wmaripulatle-—a vehicle fc¢r research,
¥eet of +tbie rvoport 1s corcernad with the use ¢f cortrolled graphics
as a prirary r=s:arch tool. Put it dis dirgpcrtant tc avcid the
irplication +that+t CAIS should re limited to that arprcach. srarhic
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aralveis is arn =2nhancersnt, not a rerplacement fcr corverticral tecls
of guartitative research.

{1) Statistics

A rackaas of routines fcr explcratcory ard corfirmatcry
s+atisticel aralysis i1s indisrensatle. The requirenments c¢f such
packagrg arre well «ostatlished; the currert warket prcvides a
sprotrur of cp*ions, fray "ilightwsight? ceonvereaticnal rproducts such
as STrTE&CK  *Ftrough "heavy-duty" nulti-functicral software systens
such as S£255 (Statistical Fackage fcr +the Social Scisances). The
radocr vartiabl=s +hat dzfirne ths spectrur are:

. th: siza ¢f +hz tiggest ranipulable file

. soptisticaticr Asrarded cof the cparatcr

. corrl-xity of availarle furcticrs
SPSS, Ffcr  :xampls, forsdces conversaticral prerptirg ir order te
gain =ffici:incy in ths rrocessirg of very larg¢ files through rulti-
stags aralysecs (2.g9. cancnical cerrelation). At the cther extrere,
McN=2%1l's IrDa-APL car only accrpt data input at the termiral, tut

rrovid=g¢ er vrusual flexitility ¢f cp2raticrs, and assumes a whelly
irzxpzaricrced oparator. (See Arperdix A-1)

{2y Mofclling

Thr congtruc+inn of ma*brratical wcdels to reflsct the
irtsrac+ilcer ¢f rarv glemer+ts Iin a charging syster is tasic t¢ three
dis+inct Fu intzrralatszd activities, irfcrrmaticr rmedelling

- o o -

involves +te acvplicatinn cof pravicnsly tested ecuvaticrs tc data of
liri+zd intrinsic intsrest, ir ar c¢ffort tc expard their usefulress
(ceq. disve-rsicn rodels that ¢xtrapclate pcint-sensor data into area
measurss of air pollution l:zvels). Such ferorulae car te altered or
recalirretsd Ty hypethstical redslling, in which data at pcint wEn
arc predictvd by applicatior of the mcdel to data taken at rpeirt
nAt,  +h-  raeults b@inq us=Ad as a Lasis fcr further research.
Sirulatzor rndnllin may Ltz atterpt=d with especially well-

calirzat:d Aa*a- trcwucto,M, in an atterpt *c evaluvates alternative
prcposals ry Mclavying out" thoir rotential results.

Th = syster requirapents for these activities vary frer little
rvor. than a tvrical high-lgvel languagt ccopiler (?CRTRAEN, AIGCI,
21/1) fcr iricrtratizcn rodallirg, throuah the modificaticn ¢f special
sirulaticr packaqgess (sez2, fcr exampls, surrary c¢f GESS ir Arpperdizx
a-1) . .
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{3) Gea«r=ral CUs=w Support

vest of +he s=varal avrlicaticrs rpackages discussed sc far
includs frrrasting covtinzs fer +he rroducticrn of repcrt rmatsrials
in a ranns lz29iblz by +he ncrn—sp=cialist,. sraphs, <c¢harte,
hisrogrars arAd s*tatistical tablss can all be rrcduced avtcratically.
BRu*+ the =xrlanatory t=xt accompanying such exbitits wust he prerazred
ssparat~ly Py th2 analyst irnvolvad. Of great tenefit here would t=
orne  af +hs sg2vsral text-managerent packages {e.g. ATNMS/37C) that
znakl~ the vavid roformatting of standard texts, as well as ths
cerr=c*inr 3and radraftirg of ratarial for subseguenrt rresentaticns.

Thk= ac*tivi+tizs dicussed sC far--inventcry maintenance,
statistical analysis, guantitativsa rcdellirng, and refcrt
prepara*icrn-—incly wors than ons user being akle to use the systern
sirultan ously., This nz22d may rct be felt umtil the syster has teen
whclly orrrational for somz tirs, but it nmust ke plarned fer. There
are herbh  cquipmrart ard software prercouisites for a nulti-terriral
systzr., Ir s=2lacting an 1initial confiqura+icr for Nesw Jersey's
C2IS, th= =vintunal impl3por+taticrn of these capabilitiss rmust be berr
in mind.

Irteractive Analytic Yapring

The *“pkres=wezd +3itle of this s=cticn spells out 1its primary
zlem-n+s. T¢ rrovide an zffective link arcng the varicue processes
cf rlarrira, pubiic inforration and gproiject review, a CAIS pust
first }: arls *to produca thzratic raps. Secernd, it rust ke akle tc
use thss- rars as a framewerk for [pelicy aralysis. ?irally,
analy+tic mawnovirg rus+t traks place conversationally, in a fcrrat
accessirle 1o non-spsclalists, yet sophisticated encugh tc meet the
dr-mands ¢t spicialized inves*tigatcrs

{1) Au*cratic Marring

Twe ger+tg ~f capvability are reqguired here. 7The syster rust L=
abtls: +o Cisvlav noints, 1ines, and gpclygens {21B) with their
asscciat=d "z" valu:s-—the latter sither as runlters er ir  whatever
arathic cvnkvl th: crera*cr nay s atrrcpriate  (€.9. crcss-
hatchina, cclors, =2tc.) The syster shculd alsc re akls *c  disrlay
irforratior storsed as raster irages (EI), with a sirilar rarge cf
gravhic syrbclcqay.

It is = irpor+*ant +tha+ +the syster have ‘tuilt-ir
utili+ti=-g fc Wi an tack and fcorth tetweer FLP and BRI podes cf
s+*crage aré v rt cn, Srecifically, it shculd te pessible +tc¢
=xtract <h=- co::i:nate—nairs that defines the bkcundary cf ary edge
...; md
.

4’.3‘<

conditicr peres irn a Tastered irage; and t¢ prcdoce a rastzared
fils 1epressntir ths arsa erclcssd ty any string ¢f ccecrdinatsz
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pairzs., ELIP inferwmation is far nmcre ccrract, and thus easisr tc
steor=, Cr. tha c¢ther hand, FJI information car te prccessed with
sp~cial lardéwar= far nore <fficer+ly than P12 data. CAIS shculd te

akl” +o cla’w *th2 begst of beth werlds: rrecassirg in BRI, sterage in
P1F wcdsse,

Ir wit+hsr necde, it is critical that the cperatcr have certrcl
over *re scals of map presertaticr, as well as its orientetior (i.e.
Morcer Cc. r=:24 nox f£ill 2 scrs=n, and Nc¢r*h reed rct be upward).
Cf ~»guel Zrgportarcs is +he atiiity tc produce waps with arrrcerriate
labels, l:zarnde, bordsrs and accerparying tsxt recessary tc  assurs
gasy ard corsist:n* intsrpretaticr.,

Th=z. ig a «ccneslderakle checicz of rwsdia for suchk mars. B
standard lire printert can ke rade tc overstrike, giving a range c¢f
shad»s ({as Lr SYMAT); a ccrputer—driver resrn plctter car prcducs
line Arawirce ¢f varicus cclors and patterns, ircludinrg cross-
hatch nra (=.o. CALFCRY); nicrefllr teccrders car prcducs eithex
vecter.d or ras*ar wars beoth auickly ard cheaply, ard sver in  full
color-. Rut ty far ths mwest versatils rediur for this sort cf werk
ig th: ~lsctrnztatic printery/plettar, a device distartly relatszd to
a ¥~rox weoching which can pxccéucs print or pictures urder fprcgranm
certrol,. (s¢e BAopendix A-4)

(2) Grcaraphical analyeis

irplest sort of gecgraptic aralysis is the displaying cf
son=:  furc+ticn nf  known data. If the diesplay file is cf muriciral
budag:ts, *Lo shading right ®a adiusted to show percentiles, cr
huda=t as a function of relative gecgrarhic =size. If several tyres
of data ar: s=cr=d with refzrerce tc the same GEF {¢.g9» +he lccal
goysrnrent  suvvey), i+ gshould ke possible to corpute a relatively
cerolex furction (2.9. a rarking c¢f runicipalities ty ratic cf
rolicae buda=t +o utili+ies expeditures, ccrrectzd for wediarn
incorz.) TLkis furction cculd thern kz groupad Lty deciles, or ty
distanc. fromr ths arithretic rmszar, cr by distarce frem majer cities,
with th final qgroups dierlayed in several degrecs cf creoss-
katchirqg,

i sorewra* wors corrlex scrt of analysis invelves the
gerera~icn  of Aisplay arsas »+hker +than thcee ir which the data werse
ga*h=mzd., Th» wros+t farmriliar such +echnique igs +the «cecntcur c¢r
ieepleth marp, Hatv an assurfption is rade that the data vary mwore
nsarly continuously +that *n= grair. at which they were nsasured, ard
statistical *-=chnigues ar2 usasd tco "fill in" the data gaps. (CRIS
should alsc bave, as a subs=t of this general akility, a weans fcr
genera*tina  prexiral maps —--a scrt cf  certcur  whick assures a
discontinuans variation of data, ard atterpts tc prciect *he likely
lcca+icn of ths: =dqg2 condi+icn frocm pcint gamrcles.,)
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Th» ros+  valuabls of +he qraphkic analysis tcols is alsc thbsz
mese cerplex and Aifficult +c  achieve--the =spatial cverlay. The
sirpl st us: of overlay +ecknigue 1is tc¢ deterrire ‘"rearnsss”
relatienships:  what pcints cf +ype "X" are within "N" ynits of ling
WAE"? fThesc sorms of szarch furction have already been specified
for ths 3BF cvigper--i+ is irvortart that thsy alsec be applicable tc
ary imag: produced by CAIS cut cf +ha+* GEF. Fcre ccrplicated is the
abili+y *c rorforr loagical ccwpariscns retwesr maps <¢f the scrt:
wha+ elerents c¢f rwap MA" correscgend to given elernents of rap “EN?
Thise ceould k= th: union or irtsrsactior of bourdzd areas, or <+hs
valus «F c¢onditions at given pcirts, ¢r the rarallelisr c¢f certain
lin®s. “Th. rcet scphisticated vse cf this techrigus allows th=
producticr of a cowplsts +trird wap "Z® shich <represents scre
func+icn cf mao "Y" and scre functicn of map "X overlayed according
+¢ sows +hitd functiom, such as riagh* ke dzrived frer a predictivs
rod-=1,

Thr3s thrz2z tasic functions--the display cf rapped informaticn,
thz gesneraticn of nzw analytic toundariss ard the cverlay ¢f cre
s+atistical suvwfacs on apother——are the fundamertal cperations in
gecgrapkic analysis, *hz axzs cf the csystem's capabilities. It is
against +r: Idzal of full and flexitle use »f all thrse capacities
in ro+k ®I ard PLP modes tha+t ary systenr prepcsal fcr a CAIS must te
dudag-~d. '

{3) Ccrysrsa+tional Intzsracticn

Th- analvtic rarping capatilitises descrikasd abcve havs
typically teir used in a "batch node" by the picnser =state systers
{(Faryland, arizcona, Louisiana--S5e¢<¢ 2ppendix C). 1This means that
zach stsp Zrvolved a trainad pregrarmsr assertling a rrcgrar in scre
such lanquag» as FCRTRAN or CCECL or APL, If C21IS is nct tc tre +ths
restricrtsd plaything of a handful of spscialists, it will have tc ks
"frort-srded" hy 3 powsrful, interactive conrand languace writter
rgyracially f2r ncn-prcgrammere,

A radcr bharriar 2 quick acquisiticn cf pregrarming ekills s
*+he c¢cerplex syrtix cof rost preararring largquages. Cenversaticnal
preararrving wrakles +tha cengtructicn ¢f very ccermplex ccmrands
repre=sgsnted by simpls atrevietions--a twenty-line subtrcutine that
shifts +r: cantsr of a wapped display wmight ke irveoked with +the
sipgle  lett=n nCn, This wsans that the cpearatecr resd nct krow in
detail tre dczens of lcgical steps irnvolved in creating arn analytic

rap--h:z c¢cr ahs me2d corly bave a rzasonakly firr grasp on the issues
tc bz Irveetiaat=d, Thez systenr can even be irstructed tc Mrrempt!
the cprrat¢r from the cimplast cf ccrrards. EIIOI r€ssages can take

v ¢f rranzsts for clarificaticr that qguide cne tcward the
crepsr fecimat far analytic requests.
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BRu+ rhig acyrcach of preparirg a long list cf subrcutines fcr
easy cpzratien ie voirtless if thes orarater rust wait an hcur cr
mor: fcr thr computsr to get +¢ his task, This rpretler ie npuch
allesviat=d tv cuch innovatiors as IENM's virtual stecrage cperating
gsyster, which putes *h= syst=ar at the user's beck ard call, and ths
new slectrocstatic printsplot techrolcgy that greatly accelerates thz
rrnducticr ¢f a worncchrcrme araphic displayve. Truly conversaticral
ir+srac+ior with +h: systsr, however, inmpliegs another level of
technolcegical suppart, primarily irn +he wede ¢f display,

What s neei:d is a display device with which an cperatcr car
int=ract dirsc*ly. TIhie is available in ths fcrr of televisior—-tyrz
scresng <guirr<d wi+th =ithsr a ligkt per or rovakls curser with
which <+hs orsrat>c can indicatz scm2 parxt of the screen as that
rof=2rred +¢ ir ths rresznt cerrard, A still further devslerrent cf
this aprrcech is thes "rarnu'" ccrcert, ir whichk the scrszen ircludes a
+abls ¢f syrrcls alengsids th: ivage, sach c¢f which rzfers +tc a
svst=w comrrand. By pcinting back and fcrth btetween the irage and
+h2 corrparnd minu, an sxtended analysis can te performed ty a rersor
with re krowl=dgs of tvpirg, wuch less cerputer rrogranmmirg.

The  extTare  x v of this apprecach not c¢rly rmakeg it
frasihla +c upzs * 2T tc sharpan cne'’s sense ¢f the gfretller
a+t herd, tut als ic for ar analytic staff tc explore dczens
of alrerrativss t ruklic discussior, culling ths orptions that
lzad ncwh.orr and arourping the others accerding te their degrees of
sirilarity ir irpac+, whatever their apparent differerce in
approach.

v 0O o

It 1s r¢+ dwparative, it is not even Treascnable, that all these
rerformar.ce acals b~ dircluded ir +he initial RF?2, & detailed and
s:lf-raintaining data tasec, an £xtended tceclkit c¢f rnretheds ard
medele, aréd cervaergaticral flexibility in all rmodes ¢f gecgrarhic
aralysis will ta +#h: groducts cf scre vears of succsssful systen
orrrations. Bu*t <hz potential tc irplerent all thesz capabilities
belongs “r wha+twver prelimirary corfiguratior is used to create a
CRIS fcr Lew Jars:=y. The <chkeice <¢f rperirherals, applicaticrs
csoftwarz aréd suppnrt systen rust be guided by this irage of wha+ the
CaIS is tc  Przcomn., No svs+er is infinitely extensitle. 3
perforreres hcrivon rmust be clearly visuvalizsd ard planned fer
tcday, ir crdA=r +hat it will s+3i11 tz achisvatle torcrrow.,



VI. SYSTIEkF TIFELFMENTATICN

Thus far, we have basr corca2rnsd to rake +hree rain points:

+3

» CATRA/CZWMA wandate tc rrcvide new functicnal links armcng
arning, r2view, prciect devslcrrert, ar.d rutklic
ticipation implies an inforratior syster capaktle cf

Tk
1
ar

‘mtearating a wide range of users, data, and rprcklers.

F
£

. Tr+eractive qgecqraphic aralysis rrovides a fcecoren  teorgue
r which that inteqgra+ticr right ke achieved.

. " Coas+tal Ar=a Irforration Syster rased on this approach
{bnt also capakle of the full rarge <c¢f litrrary and
calculatecr garvicas ccenvertionally associated with "data
treczssing”) conld te ascerbtled fror elererts ccerrercially
availatle ir Junes 1675,

We mrust rew  assass the cenditicrs urder which ar cperaticnal CRIS
could t» fmrpl-mrsrt2d, glven the fariliar cornstraints c¢f tire, rcrey
ard marrcwer,

The (723 Eocond VY=2ar 4Work Elar calls for ar cperational CRAIS Ly
April 197¢. {This is consistent with the (27K} +tir2tabkle, which
calls for th: prasanrtation of alternative 2rvirorrental ranagement
strats a*rc-—t:fsumaklv based cr CARIS-surrecrted research—-five ron+hs
la*z1r). Ccuntino tack €ror that acal, we nust allct:

+ 30 daves aftuer deslivery for cauipment shakedcwr

. &0 dave aft2r contract award fer squiprment delivery

» 10 warkg %0 2valuate rids prior to cortract award, and
. a winimur of six we=ks for cizculaticn of the FFE

To +he ~¥*=nt +hat +thig ccrstitutes a critical rpath schedule, weork
shonld e*ar+ iwm:diatelv on C2IS perferrmance csrecificatior, ard a
requ=st fcr Ptide should te ini+ia+ed in late Cctcher or early
Nov-rk: v, for the ssquence of systern 1np1enrrtat10r +c cerfcrm  with
ths pwcpcs«¢ CA'RA and CZMA wcrk plans

reints rnrovide  the cutlirs: for a strearlired irplewvaentation

. D lis+ of %*he pajor werk clerents ¢r activitizs dircluded
in +*hra*r rrcczes ls contained in Appsndix E. That lict is fcllcwed

i ~—yc""t g=guancs ¢f corditiers that wculd have to te wet if
CAIS Znctlupsrcation wsre +o0 Lte accorplicshed withir the rardated
tigp=—-franm= T"h: following corments are arranged accordirg tc that
STgUITCa. Thoy ar= thus sorewhat in the mnature cf a trail guide:
no+se or thy Aangers +0 be expscted alcna +hs way, including scre
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vre cr hecw scrs of the pors *rcublesore guagrires right he crcssed-
i d

(1) Accepring Corclusicns of this Espert
If <+he thrzs points lis+=ad alkcve cannct te acceprted, ther we have

ncthina mere: +ro cay., Oth=r consultants may rrcopose cther syters.
IFM has sugges+=d 5 cal:ndar months as a ririral tire fcr a systapm
study--& fiour: we find rrasorable. If =scre <strategy other thar
that wkich we ars prepesinag is te be choser, then the aprropriate
study shcould r*egin as socr as pcssible., That would rrctakly rwmake
January 1976 +hs =zarlizs thar rfrocurenernt rapsrwcik pmight zver
Legir,

This brinos ur the second hurdl=s in this category. The Bureau cf
Cata Frcc=gsinag Managerent Treasury) is charged Lty law with tha
supervisior of all rrocurerar+s irvelving conputer saquiprert anrd/cr
srryicae, If this cffice is crresed, either ir princirple ¢r on any
lara= ruwb=y =f zp2cifice, *o +he strategy teing advccated here, all
CRIS-related ac+wivities nwight get rpestpored urtil arn acc¢ptahle
ccrprepiss  1s  rzached., The vital thirg tc keep ir mird ie that
techrical cereid=arzaticne  ard reaotiations  not iradvaertantly
undartoire th= ordectiva of a versatile gqecgrathic analysis
capatility.

(2) Creaticr c¢f Staff Nucleus

— T Bl e - —— - ——— ———

A syst:w  fgnlorontation staff  can either be assenkled by
reassiarrmern+ of currant staff, c¢r else hired in nevly created
pogiticnes, 1bw latter *takzg ncre *tirve., Three sets ¢f ckills shculd
bz dis+irguiceh:z3d Aas raczssary *c *+he staff:

. systzms sprcialists for ths data prccessirng gesar;

» tlarn.rs ard cther departrartal analysts;

» a rouderat= lavel of technicaly/clerical support
Tt is rc+ cri*ical thet all cf ttese ke full-tire mrenters cf a CAIS
task-arcup, tut centirnui+ty will suffer 4dif +therz is rct scrme

rerresentaticn in sfach of these categories within the permarnert CRIS
eraff,

il

Crcsscuttira thess thre= grcups is the critical distincticn tetweer
gfygggir r: and op=ratiors. Th= functioral impertarce ct
maintairirg th=es as discrets tasks is discussed in (S) belcw——1it is
enly rected hores  that there is a parallel rarge cf persconal s+tyles
ard compsterca
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. Tschricel iraginatior, a generalist backgrcurad, ard
ur.flagaing cptimisn are the keys tc fertility ir
deve lormzntal work—-yet they car srell diszaster ir ar
crrraticral anvironment;

. Ccnvarszly, orly rethodoloagical rigor and deer
specialization, along with a cynical assurpticr that even
what can't go wreong rrokably already tas, can sustair daily
~rera+icns-—ar approach that hamstrings attemrpts tc¢ extend
argd inprcv: system capatilitizs,

irirg ernd/nr assignmart must be dcne withk anr sye to matching
irdividnal rroficisccy with the right class cf tacsk.

Finally, i+t would ke urwise to p‘acp *he ranagerent ¢f so corplex an
zffort ir +hz hands of anyore unatle to give it ccrstant attenticr.
The sams cculd b= said of ary qttenpt tc lccats th= CRIS whclly
within scre sxtant office with vrior (and irevitably competing)
ceppitrorte, The argurzsnt arplies a ferticri tc the pessitbls
Adistributicr of (RIS subsvsters amcng several such cffices., Nc
cocurs2 car t: wholly sscure, tut the maragerert cf CAIS developrent
ard iwcl-rsrtatior would sserm tc rte mcst hcecpefully assignesd tc  a
full-+ir. vpref-essicnal whc revorts directly to *he CAFER cr C7¥3
Ercaram Yaraoger,

nz-‘

{3) S:zquercs and 2ricrity of Chisctives

FTimrina ard ettesnticn arz clcsely r=lated. de a 1rul=, the nwmere
irror+ant rasks <hould be addressed first; but thzs step-by-ster
ric.ssiticre cf svster d=2velcpmert are alsc krncuwr +to determire the
rzlativ- drrcrtancs of different tasks at different t+irss,

As ecccr as the funde arz comrrittzd and the gtaff chesen, it will te
cri+ically irpcrtant to 2stablish a firm irage cf Lcw an cperaticnal
CAIS will srrve the wulripls rardate of plannirg ard teview, fprcisct
desglan, ard opurlic irvolvsment. The corcrete objective here is a
priority 1is* of +tarqget capalilities to which calerdar dates fcr
irplswertatien havae k22n assigned: tow scor ¥ill each service te
a¥pacted, and how 1is it tc pegh with oraecirg activities? Clear
arswsre tc¢ *thass gusstions will ac far tcward srocthing the
transis~icr tc autcrat=d cperaticrs

(4) Proparsriszn of 3idding Spzciticaticrs

¥



The nurb=r of dirpcnd=rarles asscciated with major State procurement
is lsgerdary., I+ is at this stage where the corsersus discussed in
(1) atew- Tracowr:s critical--ard where the tiretakle fcr syster
irpl:renta+tion ic ros*t vulnsrable., The following points are cfferad
fer ceorsfderation:

. Ther:z wavy rs ro single verder willing tc bid c¢r the whole
gyeter, which could greatly corrlicats tcth syster
1rt£g*a+’on and all aspects c¢f rairtenarce.

., PFary vanders arts irpatisrt with the strict accegptance
crirteria +hat typically accorpary State ccrtracts.
Ur.fertynatzly, thzse include scrme of thecse mwest  experienced
ir qguograrhic informaticn systers--raising the possibility
+hat *h: rmecet qualified vendecrs rmay offer nc tid.

. It cyorly restrictive FFF turs *he risk of rmerely attracting
a congs=riss cf partial tids fren unkncwun vendcrs,
cverlarving <comws: porticrs cf th=z syster, ard nmissiro cther
rcr*+icns al*t¢egsther.

. FErcans~ thiz whol:z arsa Is based or +*+he arrlicaticn cof
alrtady standard scftware to rew gcrts of protlerm, it is
syprri=ncing ar =xplceive growth rate: since cur March
rréesentation, we  havs learrad of three new developrents bty
radcr vendors——sach poirting in a different directicn. This
alsc suaguztes that *+he specificatiors in +he KFE should e
wri++*z2n generally encugh tc attract a wide rarge cf verdor
reclize,

(5) Evaluaticp cf Bids and Awazd cf Centract

rgularly difficult tc

An RF> gucrt As we vroros. will produc~ kids si
¢ fcllowirqg snculd te kept

i
evaluvats ir simple cost/benefit teruws. Th
ir rind:

. tte functional core of the systen is its albility tc
‘rterface graphic and filz-ranagerenrt cperaticrs
ep.cifically, to overlay and ccntcur wmapped data, ard tc
agerrwat= n=w files frow the irmages that result.

. @all oth:r aspects of sveter eaniprert and rrcgrarring will
*us b Astarrined ty the requirements c¢f thz softwars that
irregrates thes Aigqitivirg, data rase maragerment, and graghic
dierlay wrodzs of cpsraticr,

« Thare Aar> at least +we fundarentally differént apprcachss tc

acticvino ¢his scftware "spirs": ore is Luilt arcund the
Acecription of points, lires, and peclygons (PLE); the other
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is ¢27ived frer raster-crientzd irage gnhancer<nt techrneclcegy
(RIL) .,
. The RIL and ?2L? arprroachss to int=ractive graphic analysis

ulrarartaly grovide +the sarz functicral carpabilities, ot
+Fsir  starting peints are quite different, FIE graghics
r=qgin with 1 high-rescluticr imaga (stcred and rmwanipulated
ir go:cial hardware), fror which *he geccraphic cccrdirates
¢f pazticular fraturss ars extrac+ed; FLP graphics tegin
with a fil=s of g=zcgraphic ccordinatzs from which an irage is
tuilt ut on= line at a time. Ccrs=quently, the Yprirsary
corfiqurations" under =ach appreoach are dissirilare.

. 7 ftully 4irpl=srentad CAIS shculd have teth RIF and EIE
canahili~ias. BRut +he chcoics of which should ke used as a
gys—er starting-point shculd be pestreored until bids  have
teern vacsived, Centract award should ke based prirarily eor
twe conaidara+icrs:

. demonstraticrn cf 2fficiert ard flexibtle interface
te+tween imags and file strTucturss——ir particular,
*h» ovarlay and centcur capabilities; and

. ¢videnca o

sygtanr =xtarsitility to ircluds tcth ELE
ard RIE mod=zgs ¢

f oreraticrn,

Q
{

=

I+ should alsc Db noted generally that device-indeperdence, a
traditicral acal in scoftware develovmert, 1s ar dinarprcpriates
critericr few mvalnating prcrosals in this fisld., virtuvally all cof
th= wnrk +hat has bz2¢n dore ras invnlved the desigrn of special
cauipwer%, which Iis in +turr driven Yty unigue, hardware-specific
gregrars., (This is conspicuously trus cf RI¥ techrclegy). Emphasis

steuld®  +hirzfers ke rlaced c¢r +he vendor's record cf preservirg
systen ccrratibilitv across charges in hardware desigr, rather than
on =zyid-rces ¢t softwarzs transferability acrces vender lines.

The shaps of this tagk will deperd <n the relative ermphasis given tc
BEIT ard FIF da*a during +the first y=ar cf CPIS idrplenmsrtaticr, ard
on +ht rricrity-seguancz of syster cotjectives. The distinctior
h=tys=r +wc vhases of ths task will, hewever, rermain constart:
decidira firs+t what to collect, and *hen ccrnpiling +he chosen data
in+n @ uriferm szt cf filse.

. Cata S2lszc*ier: criteria fcr this phase have teen discussed

a+* scr- l:ngth  in s=cticn I1 ahcve, and are sunparized ir
irpendix B, Thzy include geographic sceps and resoluticn,
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filw r>1liakili*y ard extsznsitility, data rcelevarce and
CEANFNSE,

» Data Owvaganizaxion: again, & twcfcld *ask, involvirg (first)
a detarminaticn of the 1logical relaticrshirs arcrg fils
types and subdect patter-—a task which shculd learn heavily
cr. +he Coastal Zone Information Scurce Prcfilirg Syster
{(C7IsSPS and +tha Ccastal Zore Ervirormental Invertcry
Sukiact Irdz2x, as drafted by the T[E2/Q0FA—-—and (seccend)
forrating the filag acccrdirg tc system gpecificaticrs, crce
tha centract has heen awarded,

Six merthke is a rlausible estimate cf *the tire required to corplets
this task, It iz degiratlzs +c assiagn a tacsk fcrce tc kegir werk in
thig ar-a as snon As thz RFP has Lkeren puklished, or perhaps as early
ag Ccrerer,

(7)  f£izst Sysiop dpplicatior

Congis+sr+t with the Lias toward plannirg evident thkrecughout this
study, our 1-ccorwandation is that high pricrity be giver +tc the
g-lirze+icr ~f rescurce-ranagerert zeores, expanding ¢n thsz exanrpls
se* Tty C7Lh's =xyporimertal studv ¢f tha Foontorn Cuadrangle. Thess
could +%h-r becere tha tagis fer a set ¢f ranagement criteria
specific tc both resouwrce aresa and type of developrent—-—rprcviding a
quides feor perrit sfeview as well as a trasis fecr pubklic ccrpment.

The zon=s arnd +heir asscciated develcpment criteria wzould te
rrovisiorally acceptcd, and uged <0 structure the first systern-
orisnt=d revisw of perwit arrlicaticrs, as well as the first
dercns*ra*icn of the syster's accessitility +tc  pubklic wuse ard
evalna+ticr. Cn= advantage tc this apprcach is ttat the first
produc+s would bp< sorsthing at crce concrets and modifiakle.
kroth:r Jeg <that the tasic cecrczptual wcrk has already teer dcre,
thus rwivirizing +he urcartairty associated with the first
irpl-wertaricn of a nzw analytic methed,

The Adrsigr, rroravation ard first-stage irplementaticr cf such a
prcisct weuld cccury 2-3 staff merbers for rérhaps six merths. This
irpli=c a +third =p=scially assigrzd +task-fcrce within +the (RIS
devuloprsnt staff (aside fror these workirg cn bid evaluatior ard
data ~rcanizatiorn), alsc to be created soretire in Sertermter.



() Eauipn:

Qur indvus+ry survzay indicat:zd eouiprent delivery car be articirpated
socn~r +her. +he guoted 60 daye after centract award. The vendor car
he =xp-cr=d +¢ urcrats ard irs%all their ocwn eguiprent, ard perfcrrn
a btasic ratt=-y ~f diagnostics tc show that everything is in werking
crd+r., PBut *+hat is =+ill a leng way fror laving ar cperaticral
inferraticr svetar.

The wcs+ difficul+ aspscts of inplemsrtaticn corme urder the heading
"eyet-n ir*tcgration." Tata, softwazre and =guiprent rust te Trcugkt
tcga+h-1t anid corplexi+tiss +hat car te gererally predicted Lut rever
ad~guat:zly son=2cifizd urtil *+hey are ccrfrerted. Cur investigaticn
sugg~sts *tha+ a qgocd month sheould be allcwed fcr sorting out these
Aifficulriss and gettirg the rest quarr2lsome cf them ercugh under
certrol t¢  permit sore  sentlance of ncrral creraticns. The
ivplesmer+ation of tha da+ta tase (or at least scre gigrificart
rerticne of Z+) ig included in this estirate, but rct the delugging
of anv rsw acvplicaticons softwars.

{9) Qp:-raticrg ard Crasirg Sysier ILzveloprent

Tha firal dtzr or our ligt of irnlerentaticn quagrirss has already
Farpn alludec +¢ in {2) abcve., I+ irvolves an issue c¢f ercrrcus
urg»srcy, which 1¢ nenztheless routinely igrcred in State agencies:
+h= distircticon b-tweazn opsrations ard develcpment,

1ip s2rvice is g=r=rally paid +c¢ +thes drpcrtancs of develcprertal
afforts, Frur ‘*ar=Fo*niro wecrds inte actior is ancther ratter.
Devrlopr=r+al activityv is freouently the victir c¢f adrinistrative
ghnrvsight an=-gs, On *he one hard, rmanpcwer wray be cannitalized fer

pro-izc+s of all=azd dirmuadiate Trecessity. Cr the cther hard,
developr-rt =fforts may lanquish fcr want c¢f adegqua*te ccrntact with
tk= flcuw of daily cp=raticns., Thke proper furctien cf a develcprent

staff Is prot fighting trushfires, btut devising tetter tcols fcr
mesting-—ard trreverting--future emergencies,

There 3is a vprice for treating develormert staff as a reserve that
car bk rcutinglyv drawrn upen tc rest cperational pinches. It is paid
by +hs certiousd recurrerce c¢f pinches that wight Lave teen
p=rran-r*+ly cr=varted hy successful devslcrrert werk. A o=till
high=r price, hnwsver, is *that cf rrograr stagration, A prcgrarw
s+allad &t a4 fractiecn of its capacity kecth wastes presert reources
ard squarcésrs futurz=s caratility, This is ncnethelecss e far frorpo
ur.carwer. occur=nc3. Farly success leads to an increased cperaticnal
lcad, which in +turn 1l=ads tc¢ 1wcere fregquent bhettlenecks and
produc+icr pinchzs, If these are wet with <repeated drafting cof
devsloorer+ cstaff, +he vicious circle is corplete., A develcprent
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staff carrct achisvs what it is rever giver the orppertunity tc werk
or.

It ie v 1eful  +o0 Adistinguish thres =scrts of staff effcrt:
crerations, d=v=Topman+, ard syergsEnciss. Under ncrral
circurs+ances g+aff en:rgiss wight bhe Jdevided €080 tetween

op:raticrs Prd Acvileavrant. TLuring esrergencies, three guarters cf

th= Aevzlcrrn%t s*aff could be drafted to cops w1+h the situatior--
but no rcre (i€ a 90% s-aff effert cannct handle the rretlem, there
are rrekalkly tno rmany reorle getting in each cther's way).
Aftz-ward, towsv:v, *his defici*t rust te repaid 1ir the fcrr cof
op=ratiors =1aff wade availatrle to recoup the develcprental mcrmertur
lest durirg  +h> amargancy period. Cerversely, when the time ccermes
to dinolag=rt a svster refirarenrt or extarsion, an cperaticral
backloa ray k= dglitvarately created, as crperaticrs staff ars
div=rted +tpo manaqe +he inplarertaticr.

The wavreicr hotwysen efifnrts +n get today's jct done and efforts +te
rak: 1r:zx* wanth's er next vear'e tasks katter and sasier is toth
fruitful ard inescapabls. iny attsrpt to rerove that tension will
be Aderrimental t¢ proizct success, sooner or later. The goal rust
be to ¢rrats a working  =arvirenrant ir  which beth tasks can  re
vigerousliy rursusi, ard where +their paths rmust rtepcatedly and
krewlada=arly cross. Feoyond this, thave is no purely adrinistrative

solu*icr, Th. succzes of a t(rojsct wultirately depernds cr the
calirey cf its etaff,



VII., CCEFIGNMRATICN

The thrzv fazegoirg sectigrs discussed constraints, targst
carvalbili+tics, ard inplewontaticr ¢f ar infcrraticr syster. These
sectinrs censtituts a sprinchkoard fcr rprerpecsing a cerntfiguraticr for

a svyetsr, ©h- gursticrn at hard is what constellaticn cf equiprert,
tzchrigue, and varsonnal will achieve the desired capabtility rapidly
grnough *¢ h. useful in CAFEA prcgrar develcgrent.

Cur aralysis cecnclud=wd that the dirernsicn of syster develcpment nmest
difficult +¢ cortvol was tire. There 15 qreater certainty atcut
what irdugtry car deliver thar what staff will te atle te
acccrplict. That is why it is dosirakble tc arrargs total syster
developn<nt *n such a wav that as much *ire as pcssiblszs is rprevided
fer staff us=s of th: eyster, It shculd te kept in mind that the
majcr diritial us=2 of a CAFER irforvatic¢n syster will Yte in
develorira TCEF  huran roscurces, Ar. irfcrrmaticn systern dces rot
off~r a suketi=n+s for skillful huran analysis. It orly eliriratses
r=zdurdart cp:ra*iors and &xpedites slcw processes. The machine's
rolz Zr +bkr informaticn syster Is to augrent humar [rccesses and

arnlify humran skills., A ageographic Inforraticer syster is
furdarentally an =nvircnrent feor rar—-machire interacticr with 1land-
based date. That is why consideraticr c¢f csysten configuratior car

orly come af+:r fundamental d=cisicns have teen rade regarding +the
capakili+ics an1 rathcdclcqgy of evertual systen uge,.

The rrirmary thrus+ c¢f +his rsrert has been *c¢ pressnt a high-yield
me+thedelngy frr producing gecgraphic inforraticr frer raw land-fkased
data. The eercond thrust of the repcrt is row +¢ reiterate a
previcns firding +ha* 3 gecgraphic irforraticn syster car ke mrade
operaticral a* DF2 ip +the ccnirg nerths in atout the sare amcunt cf
+ir: ard nonsv az a systsyr study might have taken.

Cn Maick 1%, 1975, +h=s Civisicn c¢f State and Regicrnal Flarning
propes-d a feasitlz cenfiouraticr for ar inforrmaticrn syster that
coulAd g2 inplersntad guickly, «could reascrnakly =support LEE
irforrmatior ne=4s, and would rspresent ths s*tate c¢f +he industry.
Cur c¢erclusion was +hat this irformation syster did nct have tc te
exegnnsiy., Ir fact, th2 waijcr hardwarc itenm was a dedicated ‘"rpiri-
cemeuter"  gugprozt rrecc=sser (DSE) which could ke purchased outright
for as 17++13 as %43,000. This is nc*t tc say that cur rrcecpceal
fcurd a way ~f aveiding thz necd for +he larqge data prccessirng
capatili+*v cf a big computer cartral procsssing ynit {(CBU), frut it
ig possitle far a DS? +0 te connected via a teleprocessirg link +c¢
a larqgs C®0, Ih> DSF would rely or the CFU fcr ccrplex fprccessirg,
and havalir siwrlzr rreocessing by itszlf (thereby nct degrading +the
cperaticr of ~hs C20).

vizcnrrand=1 that TEF cculd take advantage c¢f +the accd

13 alrrady at the L[epartrent of Transportaticr Conmputer
oc= alcng with dJust a [L[S?2 ard asscciated pisces c¢f
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prrinheral  zquiorart, This arrrcach 1s far 1less cecstly than
Furchasing a =sz2lf-ccn*airned turrksy syster, and also avcids
unrscteggary prelifsraticr of State ccermputer facilities.

App=ndiy F cortains the textual waterial fror the March 18
prrs-ntaticn. Th=z diagrar with which 3+ tegirs ig a vuseful visual
aid ar¢d sheuld tz corsulted at this point. It is a scheratic
repr-.ger+a*ticn of thz L[SE (central tox), scftware {irtzrral
r=ctanglss), +hs DOT <ccwputsl (upper lefthand ccrrsr), ard remcte
rexiph-ral “guipmznt {circlesg). Wa suggested t+hat this

conetzllation of parts could surrort all target caratbilities ard
prcktabl= CRFR? uses. W2 called this corfiguratier a "feasilkle" cre
because th- various ela2rerts vwere available cr the rarket, could t=
gott.n ir wesr cages frov several menufactursrs, ard ws3re teirg ussd
succrssfully at H>thsr installaticns. used at cther installatiors.
Errlevirg cznerous =acstirates, we stated that all elemernts cf a
syst=m could¢ = acouirsd for aprroxivately $25(C,CC00. Bnd if crhased
irglaw.rntatinn racessarily had tco te= chosern, this cest cculd ts=
stread cut ccrsiderably,

Since March Wr hav:s Trs2cegived supplerertary irfcrraticn that has
corfirr-d wus din +the ccnvictien that a scphisticated irferratior
gystenr can re asserblsd for a relatively mcdest price. In fac*, cns
ranufactursr has arnounced a less sexrensive rnaqgretic disk and a
bett~= ard wore: =zfficient crerating systernm, This 1leads us tc
belicve that th~ Marzch corfiguration c¢cwld rew be acguired and
irplemented  feor as 1littl: as $20(,000. BAncther develcprert is the
recor+t availaeili+y of in—hcuse 3rage precessing at lcw cest. This
rears  +hat fcor about the =same $25C,000 ccst as we criginally
suag=st~d, & gr=z+ deal wors intsractive versatility and raralytic
pews x% cculd r3 achisv=ed,

Thr. trcx*ual rar+t ¢of th> March 18 pr=esznta+ticn certainsd ir Aprendix
® dg difficult +c urdarstard diverced fror the vertal exrlanaticen
“ha* accerrariad  it. ¥e  have ccnsequerntly provided scme cf the
t+chnical vocahulaty and tackgrourd for understarding the
configuraticn and +hs diagrar ir Lkppendix A-2. TFor the turgcses of
this cercluding s=ction, it is preferaltle to charac*t?rize the systern
confiaqura+ticn in crly ths btrcadest teorrs, There ars thrse vrmaijcr
dim=snsiors 0 th2 systsp. It is land-taced; it is qgrarhic; and it
js interar+iv=., FEach cf these dirersions requires a culsystenr of
eguipmrert ard s~ftware to sustairn i+,

Th- land-taszd subsyster corecists of the scfrtware structure
*rat orgarizas data, and ths equiprent that wakes it gpeegeible  tc
trirqg new da*a into the systerm, & rajor part c¢f the land-tased
softwars suoprort systar is the gzographic hase file (GEF). The GRF
rakes i+ possinhls  tc relate all data in tzrns cf gecgrartic (x,y)
identifizrg, and tc warnipulate primary dara elerents cenveniently
anrd cfficlantly., Faulprent and software are necesgsary for
cenviTting marpad and tatular data irtno a rachirnsz-readatle gsc—ccdad
data forwat. Th=s sare capability serves for wmass ertry c¢f new
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gsrqraphv ag w3ll as for +he saslective alteraticr of the GBF., It is
call=d ++: Aig zing and =ditirg capability, and car te run or a
riri-ccrrput-or,

Trke grarhic snbsystem is the aquiprsnt and scftware thet enatles
usevs te disvlay da*a in differert ways in crder to make the spatial
Alstritu+tiorn evidant, Grarhic display, by taking advantage cf
na*ural patt:cn r=cognition akilities in the bunan eys, is a gilart
stun  teward 3urtoarmating the analysis ¢f lard-rased phercrera. It is
+he 2agizct wav ¢ cross ths gar frem data t¢ irforratien. The ncest
cost—-ffrective harid copv grarkic display device is gprecrably the
electrestatic printer—-pletter, and 1t car be cperat=2d or either a
rirni-corcu*er or a remotz 2xtersicn of a laraer corputer faciliity.

"he irtesractivs sutsystem 1g rrincipally a guesticr of softwarse
~nabl-d ty Arpropriate hardwar<. A rapid veclley c¢f instructions anrd
respornsrs rakzs it noseihls for ths ussr qguickly +tc¢ approach an
urderstardirg of data. This is especially the case if interactivity
car. br achkisvzid in corjurctier with graphic display. In the cass cf
interactiv~s aravhics, two +*2rrinals are reedsd: one fcr ocutrut
displaye, and anothzr for transrmitting +¢ ard fremr the rairn
cerovuter, Intaraction can bte suppertad on a dedicated riri-computer
or a Tsmcts tiwr—charzd systear.

211 +hr:o: subsystars can te dirznsions of a single cperating systern
utilizirng a A¢dicax=d miri-cecrputer with a rerote Jjok entry (FJE)
t+=leyreczesing  1ink  *n  +he big LCT cowputer. 21l CAIS cperaticns
would rolv *¢ sows zxtaen+ on this rain CEUY ard L[09's Cenversaticral
Menivorira  Systam  {CHS). The <x*ent cf reliance wculd vary frer
Aigi+izirg (wh=r: th= z=liance would be riniral) *tc¢ rwedellirg ard
statistical rz>grams (wh2re proc=2ssing would take place totally at
DCT with ~rly cutcut coming tack).

This kind cf cenfiauratiocr aveids ths rajcr ccst of baving +c set ugp
a wholy rew corout:r systan. It takes full advantags of the large
and =ffici-rt LOT computar facilitv (an IEM 370,145 V¥ rachire), and
+hor:by drawma+tically =zaduces th=a cc¢st of achizving the CAIS targst
capatrili+ies, Thz only hardwazs sxpenditures weculd te the L[SP, the
t-lectecsssina link  t2 DOT, and the perirhsral piscss cf equipment
fdata stortags units, compunications terminals, digitizing table, and
"hara" and "soft" grachics d:=vices) irdicat=d 1ir. circles on ths
diagrar ir Arrpendix 4,

is ‘trinas us +o considsr furth:r specificity. Thz stats cf the
ustry is in a camstant state of flux. The relative pcsiticn cf
cn: v:rndcr  vis—a-vis arothzr vendor is dimpcssibl: to fix. N=w
scftwar: ard harvdwaze rroducts ars contirually k2irg introduced,new
capabilitiszse of current rcreducts are ksing develeoped, rew vendenrs
arc :mt2tira tha warkzt, and the prics schedulees cf current verdcers
chanqga. Tt==s is nc roint In trying tc achi=sv= ruch further
sp=cifici+y in this provosal until aftsr the fundarental «ccoritrert
is wad-s +~ btuild a CAIS. Further svecificity, when it dces taks
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placs, sheuld +aka the forr of dstailsd performance specificatiens
work=d ur ir ccndunction with the prcfessional systems staffs of the
Kaw J.rs¢y DBapartr:nts of ZTiesasury and Transportaticn. The ideal
cag2 wewld Y=z to davalov and putblish cnly ore #F2, This Request Fer
Propasal would convar all rarget capabilities ¢f a CA?RA irnformaticr
syst~m, and wcnld mak: potzntial syster glerents the respcnsibility
of *he ridéding firvs.

Sciicitirag camrpztitivs bids cn a single gyster 'rackage" is an
zffac*ive way of substituting capi*al fcer +time and lakter. A sirqle

-

vackaocs weuld cos* wnr2 than the sur of +he individual elerents.

Bur what th= 1increas=d price buys is scweltody else's time sclving
+he +echrical cowplzxities of bringirg +hs varicus elarerts
+togsth-r, Thers ara =z>w2 headaches worth avoiding, and scrs prices

w21l worth paving, Ccnpratitive bidding c¢cn a carefully specified FFE
is rrotarly alsn th3 fastest rossible way of gsrerating a series cof
detailsd veriaticns on configuraticn., This 1s rcre than any single
"etydy" car hape ta accormcplish, ané the practical pa*th we wculd uvurqge
LEF *+¢ tak=,

This briros us rack to the okiectives of this study. It set cut tc¢
draw - attsnticr +*72 tha «recurrirg needs fcr <comprehensiva data,
aralvsis, dierlavy, and documentation that <characterizes [pctential
plan»irg, rerwit, ard public irformaticn activitics at CEE. Tt
point=d cut ovarlapping irfcerraticn resds ¢f the public, +the
plannira etaff, 3and +hz rpsrri*+ review staff which constitute g3
prograr for a system, Thz rapcrt rrcpesed LEP adcpt a cCprrcehensive
scluticn tc this rrograrw in the fcrm of a gecgrarhic inforratior
syster  trased on interactive graphic analysis. It alsco suggested
basic +arget capabilitiss for a syster ard +the rpitfalls and
priozi+*izs »f ipnlzrsntation. A fesasiltle corfiguraticr fer a CAIS
wag g=rsrTated +tha*t can rcascratly be expected tc satisfy L[FE
irferraticrn nz23ds as w2ll as rrovide a versatile mediur c¢f analysis
and cormrunicartior.

igs Tepez* has trizd tc shew +hat building ar irforraticn systen is

= +bar -dust auvtcratior ard data processirg. B ccrnprebersive
solu+icr *o  *ha coastal arca inforration progqram involves a
corfigura*ior c¢f staff, cguirmrert, technique, data, and methcdclcgy.,
A findirg ¢f this r=2port is that the r=scurces, technigue, talert,
ard -quipmert ar: available if TE? can rrovide ths sxecutive tacking
arnd staff +¢ carrv forward a unifizd rlan. Thcugh there iz ret cre
*cric in +hie vorport that was really covered thercughly, ercugh has
te=n cald +to warrant sorm=2 furdarmental deterpinaticns. A soall
nurk-r ¢f k¢y 4acisione mwade ncw can s3t DEP c¢r the path +*c¢
realizinag a nunifi»d informatior syster for coastal zone ranagarent,



AFLFEINDIX A:

THE STATE CF THF INLUSIERY

Our aorrcach to sv:cifyirg *he design of a CAIS has teen tased ¢cn a
pos+ula+: +hat +ha hardest gfretrlers irn gecgrarhic analysis have
alrsady btrer  solv=d: <hat ‘“screwhere out there" the necessary
cguipront, software, and da+a—hardlirg techniguss have bLteen
dev=lor=4 ard ar= alrzady ir use. After extersive research intc
*+his eurirct, our convicticnes r=<rain unchaksr., The rurpcse cf this
arpsrdix is *n convey cur percartiors of +the state ¢f the industry,
ard +o AJdeccumsent cur asserticr that +here 1is pncre than encugh
techrelngy and t=chniquz C—eadily available in *lke market tc provide
a corrt-hersivs gi:cgraohic irnfermation syster akle tc satisfy LEElg
bagic rs=2ds for g=scararhic irfcrraticn.

Our work broa~ with th: ddcntificetien c¢f aveilable systers ard
packaages <cp=cifically desiarsd fcr automated gecgrarhic analysis.,
*romw th-rs, i+ branchsd dinto a ccnegideraticr c¢f c¢ther gereral-
purpcs- rtrograrse  +tnat by ccnvernience oI necessity are used in
cenduncticr. with +thoss specialized products. Cur firdirgs in  this
ar=a azm syransizad in Sactiecn 1 belcw,

That survey of syst=ams and packagss inevitahbly led 40 a study cf the
rachine veanizanraents associated with various syster c¢pticns. This
ev=ntually “nvolved a broad survzy of specialized equiprent feor
autora+-d cartcqgrarhy and interactive spatial aralysis. fThe results
of thie irvestigation are outlired ir Sectior 2.

Corgiderira <the gr=at nmethcdclogical advantage +hat attaches to
gravhic aralysis and display +*echniques, =sxarples <cf cutput are
includ=d ard mak3: ur S=sctior 3 of this apperdix. These exargples
gsheuld orly b= taksn as representatives ¢f a trcader class. The
irgertart  thira +o  kaep in rird dis nrot what these c¢xanfples
sprcifically communica*2, tut the general capability that they
=rkody.

Sectiocr L, -~h- final partt ¢f ttis aprendix, surrarizes the rajor
irplica*icres ar CATS spscificaticn we have drawrn frer studying ths
gtat~ «¢f +th=z iIndustrv, In cur cgpiricr, therz is net a sinrls
corntinuur ~f capatilitizss and =xrenditures to ks ccnsidered. Fach
additicra? Acllar of =xperditurrs does rot securs a slight rit mecre
capahil®+v, Ra*the thz statsz c¢f +hs available +tccls ard the
requirsrer+ts  of syster irtegration limit the rearningful crtions to
thr=- plat<caus of configuraticr., ¥Yach rlateau rerrecents a
s
T

<
in =

rmagritud: ‘ncrcase  in cormitrent, and zach implies a magnitude
incr-as: fr thz o 2rt and future rcle for a CRIS.

n
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APFENLIY A: Sectiern 1

Systrzme ar

1
o

ackages

This s+ctieor s a list cf pecinters, not an sexhaustive descrirticn.
Ther: %g ruch tha*t could ke aprended to the follecwing catalcgue, ard
much recr=  +hat wight btz sald akbout each iter listed. TFurther
infeorra~icr. 1z available +0 LiP cn <cach item 1listed: in cur LSRE
filne arcd alsc from ths cortact persor indicated aftsr each prcduct
nare., ¥z hava consequently strigped cur findings tc a non-redundant
charactsrizaticn of the kinds c¢f carabilitiss availakle c¢r the
rark=t., Wer:z DEF werely to dIrplerert scre few ¢f the feclleowing
packags s, ard nct to devis2 a single additicrn c¢r dirprcvemert to
software c¢: 2quirpmart, DEP? could still ge¢ a long way tcward
rsali7irag 1ts ros*t amti+tious infcrraticr gcals.,

The fcllcwirg is th= list of rerresantativs systers and packages

zlrct~d  +to illustra*: +the exist2rce c¢f versatile disrplay ard
anaAvs g carahilit v. In tha second cclumn is a rcre uveeful list—-
the acicnyrs by which thass systers are commorly called:

. 1 Lesign and Elannira Iccl (ALAFT)
+ A Ercagramming lanquags {APL)
» Carteararhic Tigitizing,¥diting Syster-FLLEF {CART/F)
. 3ig¢gqrathic D_ta Syster {GECLAIS)
« 3enrral 3urco Simuvlaticn Systern (GESS)
. Harvard Iatqra*orv fcr Computer israrhics
ar¢ Cnat*al Analy51s' {LC3SL)
+ Syraaranhic Marvirg Erograr (SYM2AFE)
. "Calcerp" Elottor Cerforrant Mapping Prograr {CAI ?CENM)
. Synaavaphic Mapping 3-T Vlﬁw {SYMVU)
Pclza“n Conyercter {FCLYVET)
. Ih*s*ac+1v~ txnlora*cry Lata Aralysis {I:D3)
. ;g;ﬁ Sag=1iit=2 {successcr tc ERTS) (IANDSAT)
» Farth Bascurcseg Technclcgy Sa*ellite {EFTS)
» Lanéd Us2 Lata 2Analyeis {1UC3)
. Marvland Autorataed 3ecgraphic Informaticr Syster {(MAGTI)
« Mnlri-spsctral Lata Analysis Syster {M=C2S)
. Statistical PackaQr for the Sccial Scierces {SESS)
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ADAPT (Rerial Design and g}anning Tool) :

A package of FORTRAN IV routines developed by W. E. Gates and Associates,
Inc., of Cincinnati. Written to assist in water quality management, the
package a large number of quantitative models for predicting water pollution
from land uses. ADAPT has an unusual triangle-based GBF, but interfaces the
Harvard LCGSA mapping packages for spatial display. Originally, it was a
batch-mode system that ran on an IBM 370 computer. The Gates company, its
author, is now in process of implementing ADAPT to run off a mini-computer.
The client is the State of Kentucky. In both the large-CPU and minicomputer
forms, ADAPT will be available in the public domain. Its major weakness is
a crude digitizing/editing capability.

APL (A Programming Language):

A highly sophistocated computer programming language that was designed for
interactive problem analysis. It is very suitable to the kind of complex,
exploratory data analysis that is entailed in a geographic information system.
One of the most important features of APL is its great concision which gives
user straightforward and powerful information capability without the byzantine
format and syntax problems that complicate many other programming languages
(such as FORTRAN). APL's odd character set and extreme condensation may
frustrate dilettante users, but in regular usage these characteristics turn
out to be APL's most attractive qualities.

In the Trenton area alone, there are at least three different kinds of APL
applications programming in operation. They show the general range of APL's
versatility:

. FPLOT is an IBM-sponsored product capable of producing curvilinear
graphs using a special "selectric” type element on a standard type-
writer terminal. Graphics have a resolution of 0.1 inch.

. ‘TMODEL is a set of interactive graphic routines for modelling
transportation systems. It currently uses Trenton as its test
case. It is frequently used in real-time public presentations
and is a good example of a public participating application.

. IEDA-APL is an interactive package for "exploring” data. It was
developed at the Princeton University Statistics Department, and
is a major contribution to graphic analysis. It basically is a
way to display principal statistics in a visual shorthand. By
facilitating easy perception of intrinsic data behavior, the user
can quickly advance to statistically-superior expressions of data
that are both true to the information content and useful in
modelling.



APL is available both at the Princeton University Computer Center and the
Educational Computer Network of the State colleges. Mr. Barry DuSault
(201-932-8051) 1is the knowledgeable expert and a congenial exponent on APL.

CART-8 (Cartographic Digitizing/Editing System):

An extremely refined system for interactively generating and maintaining
GBFs (Geographic Base Files). It was developed at the University of
Saskatchewan and is marketed by DYNAMAP, Ltd. The staff of the LUDA
program at USGS highly praise CART-8. The "8" of the acronym refers to
the PDP-8E minicomputer that runs the system. The hardware consists of a
digitizing table of the free-cursor variety, a graphics terminal equipped
for complete operator interaction, and a dedicated minicomputer.

The operator can digitize data from a map or photograph, and the lines
appear simultaneously on the screen of the terminal for inspection.
Corners and "T"s are corrected by the system software, which can also
store labels, coordinates, and scaling information, as well as modulate
the digitized information to conform to any map scale in any orientation.

. The system is expensive (about $130,000 fully equipped), but also remarkably
. thorough. Because it is designed to be a stand-alone device (see notes on
other digitizing systems in Appendix A-2), CART-8 is unsuited for inte-
gration into a multi-funtion CAIS in its present configuration.

Good people to contact about CART-8 are Richard Prytula, DYNAMAP Ltd.,
Saskatoon, Saskatchewan; and Robin Fageas or Bill Mitchell at the U.S.
Geological Survey in Reston, Virginia.

GEODATS (Geographic Data System) :

Is the most sophisticated geographic information system we have encountered.
It can accomplish the largest number of functions with the smallest investment
of equipment and programming. It includes all of the PLP capacities dis-
cussed in this report, but does not yet include any RIE capabilities (see
Section of report).

GEODATS is marketed by a new group called ESCA-tech (formerly GEO-science)

and is installed in booming Alaska at the Chalisto Native Corporation.
ESCA-tech is experienced in image processing and photo-interpretation of
aerial-photography. They are in process of acquiring raster image capability.
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From our vantage point, they are the standard against which other systems

should be measured. Although GEODATS is advertised as a completed package,

it is understood that each installation of the package is unique. Special
interfaces are required for each computer. File design is to some extent
dependent on the nature of the files to bes processed. Moreover, each client
will have priorities among the various functions it requires. For example,
ESCA-Tech has not yet had a client with an interest in contouring as a part

of a geographic information system. ESCA-Tech does have a contouring package
developed for other purposes which they claim would be easy to interface into
GEODATS for New Jersey use. Other possibilities include interfacing to

already available data bases such as LUDA (See Below) for the use of LANDSAT
imagery. The cost of GEODATS would in large measure depend on the specifications
of the package: what functions would be done locally (GEODATS is designed as

a stand-alone mini-computer system but can be a remote job entry into larger
systems) , what functions would be performed either by a remote system or by a
service Bureau, what data files would have to be accommodated, and what
equipment would be purchased from ESCA-Tech as part of the system contract.
Published numbers range from $80,000 for a listing of all of the software through
$400,000 for a system design from scratch. New Jersey's needs fall somewher e

in between. .

(General Purpose Simulation System, release 5):

We believe the future of computers in the support of public policy design will
not rest primarily on their abilities as super-librarians or super-calculators.
Rather, it is the possibility of simulating the interaction of many variables
under many circumstances that will make computers a powerful tool at the
service of decision makers. Most models designed to simulate a particular

set of events are developed on a case by case basis. It is, however, enormously
helpful to have available a language geared especially for creating such models.
GPSS is such a language. It is also probably the best documented and most
widely used simulation package. A number of books have been written on the

use of GPSS in operations research where the object of management may range
from a river basin to a factory. The value of packages such as GPSS is that
the operator or programmer is free to concentrate on the nature of the

modeling problem rather than on the details of programming code. In this

sense GPSS is similar to the many statistical packages available for computer
use. Instead of each GPSS command invoking a routine for statistical analysis,
it calls a routine relating events to conditions in particular ways. A similar,
though more sophisticated product, is SIMPL/l. The Trenton IBM office is the
place to contact for information (George Cummings is particularly helpful and
knowledgeable). GPSS(V) and SIMPL/1l are available at the DOT and ECN computer
facilities.



’ LCGSA Products (Harvard Laboratory for Computer Graphics and Spacial Analysis):

(1)

"' (2)

SYMAP

This is the oldest and best known computer mapping package~SYMAP uses
as its output device the line printer of any computer. It creates its
shadings by overstriking characters to create a perceived range of gray
shades. BAlthough its output appears crude by the most recent graphics
standards (such as microfilm), its information handling capabilities
are unexcelled. It is work with SYMAP that has been the foundation of
virtually all new work in computerized spacial analysis. The only way
to achieve high resolution output is to generate very large maps out of
strips (each strip being the width of the computer paper forms; and
then reducing a composite map photographically to a manageable size.
This can make SYMAP production runs costly. It also means that inter-
activity is hard to achieve, and implies one knows in advance what one
is doing. SYMAP has not been the perfect exploratory tool that LCGSA
had fitted it to be. One possibility which could be explored is that
of using an electrostatic printer-ploter (see Appendix A-2) to replace
SYMAP overstrike output with true shades. This would achieve higher
resolution visually at both smaller scale and cost. Examples of SYMAP
output are included in Appendix A-4.

CALFORM

CALFORM was designed to overcome the resolution problem in SYMAP cutput
and also to reduce the enormous cost associated with producing high-
resolution maps. It involves a different data format and produces output
by means of a computer-driven plotter. Its shading ability is limited to
various cross-hatching patterns which, of course, become increasingly
time-consuming as the shade darkens. It is often expedient simply to
designate the value associated with a particular area with a symbol, and
have it shaded or colored in by hand. CALFORM is further confined by

its lack of contouring ability and its consequent dependence on the
programmer to provide all points, lines, and polygons to be displayed in
output. CALFORM's greatest value lies in repetitive display of infor-
mation in unchanging spatial boundaries {(such as Census Tracts or muni-
cipal boundaries where the data file can be input once and multiple maps
made from it). With the advent of microfilm plotters (see Appendix A-2),
CALFORM has become more attractive. It is now possible to produce dozens
of maps (sharply~drawn and inexpensively) covering a wide range of
possibilities from manipulations of the same data.
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(4)

(5)

SYMVU

SYMVU was designed to recapture the contouring capability lost in the
development of CALFORM. It, in fact, attempted to make that contouring
capability even more vivid than what was achievable in SYMAP. SYMVU
abandoned shading and went to three-dimensional perspective graphics.
This means that it takes an output data set and turns it into a
"mountain range" where z-values of the data represent "elevation".
SYMVU has two major problems: hidden lines and perspective distortion.
Because hidden lines must necessarily be expunged to make the display
clear, anterior high values "hide" posteriotr low values (mountains in
front hide valleys behind). By putting the display into perspective
for visual impact, SYMVU throws away any comparative value. It is
difficult in a perspective display to evaluate relative levels; its
only value is in making quick superficial impressions. It has little
practical use in careful analysis. One nice feature of SYMVU is that
its input grid is identical to SYMAP's output grid. It should therefore
be easy to get a SYMVU plot if one has already done a SYMAP run.
Unfortunately, SYMVU does not work on a printer, and SYMAP does not run
on a plotter. To overcome data conversion difficulties, the following
program was developed!

POLYVERT

POLYVERT is not, strictly speaking, a mapping package. It is rather a
collection of geographic data handling routines. 1Its primary purpose is
as a manipulator of geographic base file information. It was specifically
designed to make SYMAP, SYMVU, and CALFORM mutually intelligible. Perhaps
the most important by-product of this creation is the clear articulation
of the importance of data base design in geographic mapping and spatial
analysis.

All four of the above programs have been purchased by the Division of
State and Regional Planning or are available at the Department of Trans-
portation data center. At the moment, only SYMAP is actually operational.
The other three are available in listing form in our offices.

ASPEX

The Harvard LCGSA is well aware that the major feature lacking from their
previous product is "conversationality", or the capability for the user
to interact with the system, and the program to "prompt" the user. This
gap will be filled with two programs soon to be introduced. One of them
ASPEX, essentially an interactive version of SYMVU; and the other is INPOM,
approximately an interactive version of CALFORM. However, along with
interactivity INPOM offers a data base creation facility and numerous
other capabilities not available in CALFORM. It is hard to determine at
present exactly what functions will be available in release number 1 of
ASPEX or INPOM. It is our understanding that release 1 of ASPEX will be
published sometime before the end of this year, and INPOM will follow it
in about six months.



LANDSAT (Land Satellite):

This program of the Federal government combines a major new source of land use
data with an information processing technique. The data are collected by means
of satellite remote sensing; the data are interpreted by computer.

The program and its first satellite were formerly known as ERTS (Earth Resources
Technology Satellite). Since early this year there has been a second satellite,
and the program is now called LANDSAT.

The two satellites orbit the earth at approximately 130 miles. They measure
light reflectance at four wave-~lengths, and beam this data back to earth for
processing. Different land covers have different combinations of spectral
reflectance, called "spectral signatures". One satellite or the other passes
over each place on the earth every nine days. The resolution of data is about
one acre. Present processing technique(?s described in the USGS Circular G71
developed by the U.S. Geological Survey)distinguishes three-dozen categories

of land cover. Much greater differentiation is possible where agencies are
willing to process tapes for themselves. The USGS is generally encouraging
this to happen, and to a certain extent is ready to participate in exploratory
studies.

Raw LANDSAT data can be acquired in the form of computer tapes from the NASA
Goddard Laboratories, Beltsville, Maryland. If New Jersey were to acquire the
capability to process tapes locally, it would have virtually inexhaustible
sources of up-to-date, comprehensive land-based data.

Any such capability implemented by New Jersey would automatically benefit from
Federal extensions of technique. Two major lines of development are undervay.
One concentrates on producing higher quality visual images from the raw data.
This is the research being done at Flagstaff, Arizona. The enhanced image is
then interpreted by trained photo-interpretors.

The second line of development is using computers to interpret land cover
directly from multi-spectral data. Although still in their infancy, these
techniques may have even more potential than the former. Some of the best
work in this area is being done by James L. Wray, who came up to New Jersey
from the USGS to present his recent work. An advantage of automatically-
interpreted data is that it can quickly be compiled into a geographic base
file, and it can readily yield specialized thematic maps.

There are two primary uses of LANDSAT data and technology for which we see
a potential in New Jersey. One is the automatic production of interpreted
geographic base files, just mentioned. The other is in monitoring land use
changes and enforcing land use controls. Utilization in monitoring, to be
wholly effective, needs both the frequency of LANDSAT coverage plus the
rapidity of a local processing capability.



LUDA (Land Use Data Analysis):

MAGI

LUDA is a program within the Geography Pivision of the U.S. Geological Survey.

Its objective is to make it feasibly convenient for agencies to incorporate

LANDSAT data into a general geographic information file. Interpreted information

on land use derived from LANDSAT data is aggregatable to Census tracts, municipal
boundaries, the outlines of major watersheds, or areas of public tenure. It will
thus be possible to produce a unified base file for the entire nation. New

Jersey's digitized geography should be available on computer tape early in 1976.
Inasmuch as these files are in the public domain, New Jersey could acquire an
initial geographical base file more than adequate for its first uses for the cost of
tape reproduction (approximately $80). Estimates were made as recently as a few years
ago that it would cost upward of $100,000 to create an adegquate base file. It
should also be noted that all boundaries in LUDA will meet national map accuracy
standards, and procedures are being supplied by USGS for the subsequent modification
of these files. Richard Witmer, of the USGS, has made a presentation to New Jersey
on the capability of LUDA. He is the person to contact for further information

on the status of LUDA activities.

(Maryland Automated Geographic Information System):

This is an operational geographic information system for the State of Maryland.

It was designed by the Environmental Systems Research Institute (ESRI) of
Redlands, California, and was implemented by the Maryland Department of State
Planning. MAGI is probably the most sophisticated state-level geographic
information system that is thus far fully operational. It consists of a versatile
and updatable geographic base file for the entire state, including its water
areas. It offers a multi-functional geographic analysis capability (including
overlaying, contouring, and thematic map output). It is interesting to note that
MAGI's output medium is SYMAP which, though around for fifteen vears, is still

the most flexible computerized mapping package available.

Maryland has also had two subsequent studies prepared that are of interest to
New Jersey. They were done by the Earth Satellite Corporation of Washington,
D.C. The first investigated the use of high-altitude aerial photography from
NASA to initially classify land use. The second studied the role of ERTS
remote sensor data as a source of data for maintaining and updating Maryland's
land use inventory, and a way of detecting and defining areas for closer
examination. Inasmuch as there are so many topographical, envirommental, and
cultural similarities between Maryland and New Jersey, much of their experience
can be of immediate benefit.

MAGI is also a good example of what firm state commitment can accomplish in a
short time. This system has been used to help make policy decisions. 2 thorough
understanding of MAGI and the two subsequent studies should be a prereguisite

to the functional specification of a coastal area information system for New
Jersey.
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M-DAS (Multi-Spectral Data Analysis System):

This is a complete hardware and software package for maniﬁulating LANDSAT data.
It has been developed, and is being marketed, by Bendix Aerospace Division,
Detroit, Michigan.

M-DAS is a brand new product. For roughly $225,000, it provides a complete
LANDSAT geographic information system. Bendix supplies an elaborate software
package for editing, transforming, and cleaning LANDSAT data; and for converting
it into a State Plain Coordinate grid. -
Bendix Aerospace is also offering the use of its M-DAS System as a service for
roughly a $1.00 a square mile. It will provide State Plain Coordinate grid cells
50 yards on the side. These data cells will be coded by USGS two-digit land
cover categories, or by any other categories that can be specified from the
LANDSAT multi-spectral data. The price for doing a second cobservation runs

using the same categories but another set of tapes, would be roughly half the
initial price per square mile. We have not seen M-DAS first hand, nor have

we seen any of its technical documentation, but it appears to be the first in
what promises to be a new line of products that combine image processing
technique (RIE) with geographic base file capabilities.

The important thing about M-DAS is that it offers both a competitively priced
image processing system and also a useful service function. In this latter
capacity, M-DAS stands in a position intermediate between the slow Federal
processing of LANDSAT done at Sioux Falls, South Dakota, and the relatively
high initial start-up costs of having ones own LANDSAT processing capability.
Using this kind of service at first could give an agency the valuable
opportunity to get some experience in custom-making digital techniques and
methodology before actually investing in an internal processing capability.
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SPSS (Statistical Package for the Social Sciences):

SPSS is the most elaborate and sophisticated of the several statistical
packages available for general research use in batch-entry environment.
It isvdesigned for use by non-programmers. There is very little that
cannot be done with it in the way of quantitative data analysis. Its
major limitation is that it is solely a batch mode package at present.
Though a time-sharing environment with remote batth-entry does partly
mitigate problems by simplifying job preparation and entry, batch mode
still requires a relatively high degree of user familiarity.

Conversationality, or interactivity, tends both to lower the threshhold
for using a system and to alter the way in which a user engages in
research. The authors of SPSS candidly state that they anxiously await
the pending obsolescence of their system precipitated by the development
of wholly conversational programs for statistical analysis. Work is
already underway to develop conversational versions of SPSS. 1In the
meantime, the N. J. Department of Transportation has a good basic
interactive package called STATPACK. Information about it is available
from the DOT computing center.

. The utility of DOT's STATPACK would appear to lie in exploratory data
analysis in cases where discrete results can be displayed back to the
user. SPSS appears to be more useful in larger statistical computations
where the results will be more complex. The advantages of SPSS is that
it is exceptionally well documented, thoroughly tested and debugged, and
internally consistent. It offers everything from simple one-way frequency
distributions to multiple uses of factor analysis and canonical correlations.
To the extent that planning analysis must inevitably become more quantitative,
it will call for the special tools of quantitative analysis. SPSS is capable
of dealing with virtually all files, but yet is a tool accessible to users
lacking extensive training in computer science. SPSS, even if not yet
interactive, can be utilized effectively by anyone with a rudimentary know-
ledge of statistics and a few hours to spend reading the manual.

All routines in SPSS are programmed in FORTRAN. A good person to contact
for further information on SPSS 1is Ms. Jane Li, Hill Center for the
Mathematic Sciences, at Rutgers, The State University. The Educational
Computer Network (ECN) of the New Jersey State college system supports
and sustains SPSS.
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A final word is in order on the subject of data base management systems. There
is a large number of these currently on the market. Some, like IMAGE, have been
developed specifically for particular computers. Others, like IBM's information
management systems (IMS), are specific to very large computer systems. Still
others, like TOTAL, come in a variety of versions appropriate for many different
sizes and makes of computer. It is assumed that the major data base handling
capacities of the CAIS will be supplied by the contractor who provides the
central core of software. It is, however, possible that such a core would
include only those routines necessary for manipulating the GBF, and that all other
sorts of data base management activity would call for a resident package of file
handling routines. In this case it would be wise to ascertain whether such a
package exists for the particular hardware that is being considered. It is also
worth noting that conversationality is as much a variable with data base handling
packages as with other sorts of software. Many systems are wholly batch-mode-
oriented. Others are almost entirely interactive-oriented. This is a further
variable that should be weighed.

Data Base Management is a field in computer science with its own many levels of
expertise. We recommend consulting with a specialist in this area before making
any permanent commitment for the CAIS. Such a consultant should not be hired to
design or implement a data base management system, but rather to advise and
recommend a commercial package.



APPENDIX A

Section 2

Equipment Options
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This section is divided into two sub-sections the first is a series of brief
assertions about equipment appropriate or inappropriate to CAIS needs. The second
is a more thorough definition and discussion of each of the various elements involved.

Two general sorts of questions about equipment emerge from the previous list and
discussion of software system and package options. The first is a set of general
questions about big computers and little computers, and how the two are best used
together. The second is a set of questions about special equipment needed for a

geographic and interactive information system. These two sets of questions will be
discussed separately.

Computers Large and Small

The terms "computer" and "mini-computer" are no longer self-explanatory. IBM
now makes-physically small systems which are nonetheless full computers, and Digital
Equipment Corporation (the inventor of the mini-computer) now makes systems that fill
a good sized room. The meaningful threshold would seem to be mobility. If the
machine can be moved by one person from room to room, then it is a mini-computer. If
the machine demands a room of its own with special air conditioning or electricity,
then it is a "big" computer. Put another way, can you bring it to you, or do you have
to go to it. For machines that must be "gone to," DEP is well-served. The IBM
370/145 at the Department of Transportation has plenty of computing power for DEP's
immediate needs. On the other hand, as a support for digitizing or the manipulation
of digital images, it would be grossly inefficient to occupy an entire input/output
channel of the DOT machine to transmit a few characters per minute. For this sort
of use, a local dedicated mini-computer is appropriate.

The critical question then becomes that of the relationship between the two
machines. Fortunately, the DOT machine is equipped to handle "intelligent" remote
terminals with maximum ease and efficiency. From the other end, most small mini-
computers can be equipped with the ability to interact with distant large computers
as if they were terminals. It is this model of the "intelligent" remote job entry
(RJE) machine operating as a conversational monitoring system (CMS) terminal that
has been the guiding model for our deliberations.

Special Interactive/Geographic Equipment

Four major questions are at issue here and will be dealt with in turn.
(1) Digitizing

No matter how good the initial geographic base file is, some
editing will be necessary. No file will stay useful long if updating
is not possible. Socme means of altering the geographic base file is
thus necessary. This involves three basic capabilities: the ability
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to display a portion of the geographic base file at will, the ability
to alter what is displayed, and the ability to 'tompare what is altered
with some map representing the '"ground truth." In hardware terms, this
means a digitizing table which is something on which a map gets mounted
and from which coordinates can be read. Also necessary is some display
device on which the outlines of the GBF can be traced. Last but not
least, some means for intrepreting the latter in terms of the former is
needed -- in other words, a computer. There is a handful of systems
available commercially that can supply these capabilities. A minimum
cost for digitizer and display combined approaches $30,000 by the time
interfaces, pointers, etc., are included. The cost of the software and
the computer that connect the two is harder to compute. In many cases
it will be included as a portion of the system.

Map Output

The product of a CAIS will be thematic maps. There are many media

'in which such maps can be produced; of these, the two basic media would

seem to be paper and film -- the two basic techniques are printing and
plotting. On paper, the print and plot options have until recently been
irreconcilable. They called for two very different and equally expensive
machines. With the development of the electrostatic printer/plotter, it
has become possible to produce both character and line information on a
single piece of paper at extremely rapid speeds. The paper moves through
the printer plotter at one to three inches per second producing a diagram
at a resolution of 200 dots per inch. These devices, available for $10,000
to $20,000, are only slightly more than the cost of a printer or plotter
alone.

T™wo uses of film are worth noting. One is the direct recording of
LANDSAT onto film. The output looks like a color image of the area being
mapped, except that the colors are not photographic but thematic and
represent interpreted land use rather than multi-spectral images. A
second use of film is recording on microfilm as if it were a high-speed
plotter. This work, done by Fredrick Broome at the Geography Division
of the U.S. Census, has produced high-gquality color thematic maps at
remarkably inexpensive prices. Both of these uses of film are, however,
very expensive. A microfilm device capable of producing these sorts of
images costs between $80,000 and $250,000.
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(3) Conversationality .

The above discussion of map output assumes only a batch mode of
operation. In batch mode one decides what sort of map is wanted,
describes it to the computer, and the computer then puts it out as a
graphic. A second sort of capability is also required and that is the
ability to manipulate an image interactively in order to visualize it,
point areas on it, make changes, and then see what the changes look like.
As discussed in the text, there are two rather different approaches to
this. One is based on points, lines, and polygons (PLP). The other is
based on raster image enhancement (RIE).

PLP interactivity can be accomplished in a number of devices:
The industry leader for this is Tektronix. There are a number of such
devices by Tekronix ranging from small but powerful oscilloscope-like
devices up through 17" television-size screens. The normal mode of
interaction here is by means of a "joy stick" or X-Y wheels on the
terminal itself. The motion of the joy stick or wheels is reflected in
the motion of a small curscr or cross mark on the screen which the
operator moves to the desired location and then specifies the operation
that is to be performed there. Such terminals cost’somewhere between
$6,000 and $12,000 depending on the interfacing and extra equipment that
is required with them.

In the RIE mode, the basic capability is somewhat more expensive.
The industry leader here seems to be COMTAL. The basic device consists
of an industry-standard commercial color TV monitor which is rewired for
digital work and connected to a device for precisely controlling the
image that is produced. This device costs about $30,000 at a minimum.
It is enormously sophisticated and powerful, however, and is capable of
producing high-resolution images in full color with a number of different
kinds of manipulation.

(4) General Interfacing

One item which has been inadequately discussed is the relationship
of the special CAIS equipment to "the rest of the world” (contractors,
service bureaus, other agencies, etc.). It is imperative that the system
have the ability to produce all manner of output in an industry-standard
medium. At the present time the only such medium is 9-track magnetic
tape. It would seem obligatory that the system include a tape drive or
two: one for reading and one for writing. These typically cost about
$10,000 a piece.

*kk

This brief discussion has been intended only to pin point certain key elements
within the system. It assumes a certain background of understanding about the general
capabilities of large and small computers, various sorts of storage media, display
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' devices and digitizers. A further background of these areas are supplied in the
following section which is designed to introduce the reader to the basic capac1t1es
and variations that characterize and differentiate pieces of equipment.
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. Technical Equipment Definitions

A typical computer installation consists of many distinct pieces of equipment, known
also as "hardware", which can be identified with particular operating characteristics

of the computer system. A Central Processing Unit, or CPU, executes instructions and
controls the transfer of information between the CPU and other units of the system.

Other hardware are depositories for information (storage units and media) or serve

to facilitate conversation between the user and the system (terminal, printers, plotters,
graphic devices, image processing devices). The characteristics of the hardware units

most likely to be incorporated into each of the CAIS alternatives are discussed in the
following order:

Mini-computer Processing Unit
Storage Media

Terminals

Graphics Devices

Image Processing Devices
Digitizers

P L
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(1) Mini-Computer Processing Unit

The "mini-computer" of industry jargon is a stored-program digital computing
. machine priced under $50,000 and suitable for general-purpose applications. The
"mini" (as it has come to be called) is a parallel binary processor with a 1l6-bit
word length utilizing integrated circuits for reliable, high-speed operation. The
mini's cycle time (the time required for the access and execution of an instruction)
ranges from 0.8 to 1.5 micro-seconds, while input-output data transfer rates may
achieve speeds as high as a million words of information per second. A single

machine "add operation" (a frequent industry indicator) may take from one to three
micro-seconds.

Clearly, today's minis are sophisticated computing machines capable of
performing literally millions of operations (information accesses, additions,
comparisons, and the like) in the time it takes a human operator to press a
button. They will tolerate wide variations in their environment yet are readily
programmed to perform myriad tasks. While some minis do actually resemble this
"average mini" concept, the spectrum ranges from very small kinds for specific
dedicated tasks to more powerful but still compact kinds that provide the
flexibility and computing power equivalent to considerably larger machines of
earlier generations of computers.

Considering how powerful and versatile mini-computers have become it is
no surprise that they are applied in situations where automated approaches
would not have been feasible in vears past. The product lines of mini-computer
firms are continuously upgraded or improved to satisfy user needs and the
pressures of intense competition. This means that it is impossible to specify
the best mini. Optimal systems configured from the current selection of minis



(2)

-16-

may lose that distinction six months later as improved processors are introduced:
by other manufacturers. In any case, the major choice is being able to take
advantage of a mini-computer in the first place, rather than marginal decisions
within the mini field itself. There is much to choose from, and a system
configured today should remain an attractive and viable solution for the design
application in successive years.

A mini-computer of the type discussed above used as a remote extension of a
larger CPU, will satisfy the information processing demands of the CAIS.
Storage Media

The three widely used media of storing digitized information are punched

Acards (properly called "Hollerith cards"), magnetic tape, and magnetic disk.

Information stored on Hollerith cards and magnetic tape is accessible in a
sequential fashion only, while magnetic disk permits both sequential and random
access.

The mode of accessing information in a given storage medium is limited first
by the medium itself and also depends on the type of data, the size of the data
files, the frequency the data files are accessed, and the frequency the data files
are updated or altered. Sequential accessing of information means that the
retrieval of any particular data item or record involves starting at the beginning
of the file and passing sequentially, record by record, through that file until
the desired record is reached. Random accessing means that the desired record
may be retrieved or accessed directly, without the time loss associated with
going through all preceding records. Random accessing techniques are generally
more expensive to implement, yet for some applications are unquestionably superior
to sequential accessing techniques.

(a.) Hollerith cards are a traditional storage medium. However, their popularity

is declining, principally because new storage techniques are superior for virtually
all applications. Cards are bulky, easily gotten out of order, vulnerable to

heat and humidity, perpetually the victim of careless handling. Information
density per card is extremely low, typically eighty characters or less. The
through-put rate, the rate at which data is capable of being accessed by the
computer system, is also slow, typically four hundred characters per second.

The only advantage of paper cards, and it is a small one, is that they can be
visually interpreted and handled manually. Hollerith cards, and their associated
card reader and keypunch devices, stand to figure increasingly less in state-of-
the-industry computer installations.

(b.) Magnetic tape is an attractive storage medium for most sequential processing

applications. Its high-speed operation, "industry-compatible" characteristics
(the ability to be shared between different computer installations), and low cost
encourage wide use. Magnetic tape systems are available for all of the small
computer systems examined in this survey. They ranged in price from seven to
thirty thousand dollars. Record densities of 800 or 1600 BPI (bytes per inch),
and recording methods that are "phase-encoded" or "non-return-to-zero" will help
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assure compatibility with large existing computer installations. The typical
capacity of a 2400-foot reel varies between one and five million characters of
information (where a character is equivalent to a byte), while information can be
accessed at speeds up to 30 thousand characters per second.

(c.) The magnetic disk is an attractive storage medium for many sequential, and

virtually all random access, data processing applications. It is a very high
speed device, featuring information access rates of up to a million characters per
second. The individual disk pack will accept from 256=-thousand to over 80-million
characters of information. Magnetic disks are commonly bundled into a system of
disk packs providing billions of characters of information storage. Disk packs
vary in price from $10,000 to $60,000. While the magnetic disk is faster than
magnetic tape and provides for random access of stored information, it is more

.expensive and is not industry-compatible.

Terminals

A terminal is a device to facilitate conversation between the user and the
computer system. The terminal is the way that the user controls features of the
computer system available to him and instructs, or "programs", the system to
operate on data. The system in turn can respond back to the user's commands
and instructions via the terminal.

Not all terminals provide a printout of what transpires between the user and
the system. Those that do, known as "hard-copy" terminals, print information at
rates varying from 10 to 30 characters per second and utilize a standard keyboard.
Prices range between $2,000 and $5,000. The "soft-copy" terminals, those which
provide no physical printout of the terminal session, display information on a
television~like CRT (cathode ray tube) at rates up to several thousand characters
per second, commonly in black and white (although color displays are available).
The soft-copy terminals will also accept information from a standard keyboard,
and cost between $2,000 and $9,000.

Each terminal type has distinct advantages and disadvantages. Soft-copy
terminals are quiet, require little routine maintenance (like paper changing),
are very fast, and are popular in office locations. Hard~copy terminals are
noisy and slower, but do provide a permanent copy of the terminal session for
annotation, presentation, or discussion. Different applications dictate having
one or the other or even both. Although it is possible to constrain applications
to just one terminal, it is probably desirable to have a high—quality version of
one and an inexpensive version of the other considering the low contribution
their prices make to the cost of the total system.
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(c.)
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Graphics Devices

Graphic displays provide pictorial representations of spatially-organized
or graphically-intelligible data. 1In the sense that they provide communication
between the user and the computer system they may be considered specialized kinds
of terminals, and as such are available as either "hard-copy" or "soft-copy"
devices. Included in the category of soft-copy devices are raster scan displays,
storage CRTs, and refresh graphic displays. Hard-copy devices include the
traditional printers, the drum or table plotters, the more recent electrostatic
printer/plotters, and computer output microfilm (COM).

(a.) Raster scan displays use a technique equivalent to the standard television

picture tube for its display. The image is formed by the energy of a scanning
electron beam striking the phosphorescent coating of the tube's inner surface.
Since the electron beam scans the surface of the tube a line at a time, raster
scanning devices tend to be considerably slower than other display devices.

The raster scan device is not suitable for the real-time generation of
flowing line graphics or user-modified displays. The device finds application
in displaying unchanging stored images and in some image processing applications
such as primary spectral interpretation of ERTS digital tapes.

(b.) sStorage tube devices also utilize a cathode ray tube (CRT) but operate in

a way significantly different from raster scan techniques. Information is sent
to the device which indicates the location of a point within the picture being
displayed. An electron beam then strikes precisely that point on the CRT's
surface, causing the surface at that point to floresce. The brightness endures
for several seconds, during which the device excites other such points on the
CRT's surface to complete the image.

High resolution, effective graphics manipulation, and high-speed operation
characterize the storage tube device, which ranges in price from $5,000 to
$9,500.

point persists for a significantly shorter time than is typical of a storage tube
device. This means that refresh graphic displays offer very high speed and

high resolution, in addition to permitting real time interaction with the displayed

image. By using a light pen, the user may actually draw pictures on the screen
and have them maintained or altered by the computer system. This function is
certainly advantageous for some applications but must be weighted against the
demand placed upon the computer system. Since each point persists for only a
very short moment, the computer system must maintain, or refresh, every point

.very frequently, which means that the overall performance of the system is

degraded. In addressing this problem, companies are developing refresh graphi;s
displays with their own processor, thereby making the device less demanding of
the main computer system. These devices have yet to be investigated in detail.

Depending on the complexity of the device, refresh graphics displays will
cost from $3,000 to $25,000.

Refresh graphic displays operate much as storage tube devices, but each display
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' (@&.) Of all the hard-copy graphics devices, the impact printer is familiar to
everyone. For many years it provided the only means ‘of computer graphic
output. The standard character set of the printer, and its fixed implicit
grid, was used to approximate shapes and lines. Gray shades could be achieved
to a certain extent by overprinting characters. The deficiencies of this
approach to graphics are manifest. Were it not that some of the most useful
computer graphics programs that have ever been produced (such as SYMAP) happen
to have been developed during this era, and consequently require printer
graphics, the utilization of standard printers as graphic output devices
would have long since become an extinct practice.

They furthermore fail to achieve the degree of visual clarity necessary
for effective graphic communication. The implicit printer grid lacks the
programmable resclution needed for clear "up-close" graphs or displays. As
_a consequence, impact printer graphics are often produced at large size,
spliced together, and displayed at a distance sufficient to make the pattern
emerge out of thé constituent individual characters. The problem is akin to
not being able to see the pattern of the "forest for the trees". The problem
is compounded in that printer characters do not fill their grid positions but
leave a network of prominent white framing lines over the display. Unfortu-
nately, the pigment saturation of impact printers is so light that they cannot
be displayed at a distance without some enhancement (such as going over character
patterns with felt-tip markers in different shades or colors). The net result

' is that impact printer graphics are not satisfactory up close or at a distance!

(e.) There are many alternate ways to produce hard-copy displays without hammering
ink on paper. These techniques use chemicals or electronics, and include ink
jet, optical, magnetic, thermal, xerographic, electographic, and electrostatic
methods. We have been partial to the electrostatic technique because it can
take advantage of extant impact graphic programs, yet has numerous advantages
over impact graphics. First of all, there are no moving parts in the image-making
process except for the paper’ transport system. A dielectric-coated paper is
passed over the writing head where it is charged with a pattern of electrostatic
"dots" as dictated by the data source. Liquid toner is then applied to the paper
to develop the latent image which, when dry, creates a permanent, archival-
guality hardcopy.

Other major advantages of an electrostatic image-making technique are high
output speed, low initial cost, low operating cost, high-contrast displays,
high-quality plotting capability, and the ability to accommodate a wide variety
of letter fonts and sizes. Leading electrostatic printer/plotters offer
resolutions of 100 to 200 dots per linear inch and can print from 200 to 1200
lines per minute depending mostly on the CPU. Clarity, speed, and resolution
of this degree offer a major breakthrough for computer-generated displays and
computer-produced documentation.

A printer/plotter of moderate capability sells for about $10,000. This
is roughly $6000 less than comparable impact printers. If a printer/plotter
avoids the need for both an impact printer and a pen plotter, savings of

‘ $10,000 to $15,000 might result.
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. (£.) Plotters are the next most traditional approach to computerized graphics
after impact printers. Though great technical innovations have been made in
plotter equipment, they still essentially consist of a writing stylus moving
in serial manner over a writing surface.

The writing stylus is frequently a pen or inking mechanism which produces a
crisp, precise line. Felt-tip pens are also sometimes used to achieve a wider
line with higher display visibility.

The graphic surface can be paper, acetate, mylar, or specially-prepared
cartographic material. In nearly all cases, the writing medium is fed from a
continuous roll. This eliminates frequent paper-changing and also enables
variability in the length of the graphic. The width, of course, is fixed by
the size of the paper roll.

The writing surface is mounted on either a revolving drum or a flat bed.
In the case of drum plotters, the stylus can only move in the lateral direction.
Line-drawing in the perpendicular direction is accomplished by the drum itself
which advances and reverses the writing surface under the laterally-moving stylus.

In the case of flat-bed plotters, there are two independent advancing
mechanisms -- one at right angle to the other. The simultaneous operation of the
two mechanisms causes the stylus to draw the vector sum, or resultant, line. If
the actual configuration of equipment is synchronous, a free-flowing line can be

. achieved. It is more common, however, for the mechanisms to alternate
instantaneously. This causes a "stepped" line to result. Depending on the small-
ness of the increment, the stepped nature of curved lines may approach impercepti=
bility.

The finer the resolution, the more expensive the plotter, however. This is
true of both drum and flat-bed plotters. Often, a machine with relatively coarse
incrementing is gotten in order to keep the cost of this equipment down to a
reasonable fraction of total system cost. This may mean that a plotter that is
wholly satisfactory in regular analytic work, may prove too crude when the
"finished" quality of presentation graphics are needed. The right balance between
cost, speed, and plotter resolution is difficult to triangulate. A perfect
solution may not be possible. The versatility achievable with one machine that
characterizes the electrostatic plotter, is not typically a property of drawing
plotters.

(g.) Computer-output microfilm (COM) is a competitively-priced alternative to
plotter graphics. Instead of drawing actual lines onto physical paper, COM
records photographic lines onto microfilm. A major advantage of COM is its
extremely low unit costs.

It is, for example, feasible to do many inexpensive microfilm "plots" of
time series data (either historical or forecasted), and then project them in
sequence. This achieves a computer-generated "animation". Instead of animating
a story-line about persons and characters, a movie can be made of geographic change.
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Perhaps, an even more successful approach would be to include a COM sequence as
a segment of a traditional narrative movie.

Computer animation is a rapidly-developing front in graphic analysis. The
same line of argument that leads us to recommend interactive graphics and visual
display analysis, has also led us to recognize the tremendous communications
potential of COM. A major role in planning and public information methodology
could be taken by COM. .

The one major drawback presently is high initial equipment cost (anywhere
from $100,000 to $400,000). Although it is true that this is recouped gradually
in low operating costs, this applies most convincingly to established graphics
systems where the volume of use and output can accurately be predicted. In our
opinion, serious consideration of COM can safely wait until equipment costs go
down, techniques are refined to be more user-oriented, and the exact nature of
potential use is fully discussed. It should also be noted that there are
established firms offering good services very near Trenton.

(5) Image Processing Devices

Image processing devices are relatively new additions to the computer
peripheral arket. This type of equipment finds applications in the processing
of information such as the satellite imagery available from the Earth Resources
Technology Satellite (ERTS) and the subsequent LANDSAT programs. Remote imagery
data is received as selected points of information, or picture elements ("pixels"),
which can be reassembled in proper spatial orientation to form an image. The
subsequent interpretation of the image was explained in the body of the report.

Image processing devices not only serve in the creation of an image from
a selected source, but also facilitate the display, enhancement, or alteration
of an image, in gray shades or in color. The devices are extremely sophisticated,
consisting of a dedicated processor, extensive special software, and also specially-
designed peripheral equipment.

The cost of the equipment, which operates "stand-alone" (independent of
external systems), ranges from $32,000 to $80,000, Because of the high price
tag, it is sensible for low-volume users to go to an outside service for image
processing, rather than purchase or lease expensive equipment.
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(6) Digitizers

The Timiting factor in the preparation of a geographic base is the
acquisition of geographic location data in the proper digital form.
Somehow, forms contained on maps must be converted to a format in which
computers can use them. This process of converting traditional mapped
information into a computer-storable and computer-readable format is
called "digitizing".

The traditional technique for digitizing a map consists of trans-
lating 1ines (or curves considered to be a series of short 1ine segments)
into ordered sets of Cartesian (x,y) coordinate pairs. Each coordinate
pair represents a mapped point in a machine-readable and machine-storable
form. A chain of such points, given to the computer in order, constitute
instructions on where to plot or print a line or an area. Connected,
these instructions and groups of coordinate pairs can reconstitute all
the locational information of the original map.

Manual digitizing, converting mapped information by hand into
geocoded format, is a very slow process. Because it involves continuous
‘ hand work and great concentration, it is also subject to decreasing
. returns to scale, and to extensive systematic and random human error.
The Division of State and Regional Planning has had some firsthand
experience with manual digitizing methods gained during a prototype
development of a land tenure geographic base file. Based on observed
unit rates, it was estimated that three to four person-years would be
required to prepare the basic geographic file for the State using manual
methods. It was also estimated that the rate at which data base elements
could be corrected by manual methods was probably slower than the rate at
which changes occur. For any geographic base file as ephemeral as land
tenure, Tand use, or geographic land cover, it is obvious that automated
technique is needed. Only in situations where the geographic base can be
expected to remain stable for many years would a wholly manual digitization
approach be feasible.

The two major types of digitizing equipment are electro-optical
devices and the more traditional electro-mechanical devices. The electro-
optical devices utilize optical techniques to interpret point and line
information. The electro-mechanical devices use mechanical analogs such
as tracking arms to measure point and 1ine information.

(a.) Optical Digitizing Devices

The optical devices used for digitizing are capable of very high speed
operation, but are extremely costly. One of the most sophisticated of such
. devices, the I/Ometrics machine in use by the U. S. Bureau of the Census,
cost about $750,000. Needless to say, for devices of this cost and speed
magnitude, work is done on a contract basis.
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From what we have heard, optical digitizers are capable of producing many
hundred thousand points of digitized data per day, including all corrections
and rectifications, for under a hundred dollars. A number of leading
manufacturers and service bureaus have recognized that, in many cases,
although the need for massive digitizing may initially be strong, there is
no long-term need for the high capital expenditures and related personnel
overhead of the most sophisticated digitizing processes. A growing number
of firms now offer a full range of digitizing services. This is an extremely
attractive way to close the gap between the information soon to be available
in the public domain from the LUDA program of the U. S. Geological Survey,
and the more detailed information base requirements that an operational
State planning and permit review system can reasonably be expected to
produce. A contract approach can save much valuable time at the beginning
of an information system for tasks more important than the routine infilling
of the geographic data base. It might also be convenient at a subsequent
time to extend the geographic base from merely coastal counties, for example,
to coverage of the entire State. Contract digitizing to a firm with the
specialized software and personnel needed for geo-base expansion is a rapid
and efficient way to accomplish this.

(b.) Mechanical Digitizing Devices

For ongoing correction, editing, and maintenance of a geographic base
file, an optical digitizing device ( or the services of a speialist firm
that has one) are not necessary. In regular week-to-week operations, an electro-
mechanical digitizer will be perfectly satisfactory. There are two essential
types of mechanical digitizers: the fixed-arm digitizer and the floating-cursor
digitizer.

The fixed-arm device is a relatively inexpensive machine costing a few
thousand dollars. The device is also characterized by relatively slow
operation--usually only a couple hundred points per day, depending on the
ability of the operator. Electro-mechanical devices can, in principal, be
either on-line or off-line, though few CPU users would appreciate the system
degradation that slow-operating fixed-arm digitizers would cause.

The floating-cursor digitizer is similar in result to the fixed-arm
device except in the important instance of faster data acquisition speeds.
The floating-cursor device gives the operator far more freedom and tends to
increase personnel productivity as well. To achieve this increased ease of

operation and faster data acquisition, one finds that typical devices cost
around $16,000.

The actual choice of a specific digitizing device depends on a detailed
appreciation of the probable nature of use to be made of the resulting infor-
mation system. The more geographic detail desired, the greater the extent
of interactivity wished, or the faster the inclusion of current data--the
stronger the case for having a free-cursor kind of electro-mechanical
digitizer instead of the fixed-arm variety. In any case, it is recommended
that only the needs to maintain, alter, and edit the geo-base be met with
an in-house digitizer. The initial creation of the CAIS data base should

takg advantage of the economies of scale of optical digitizing devices as much
as 1s feasible.

*
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Conclusions
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The most striking discovery of our investigation into the State of the Industry
in geographic information system design was that the plausible options are strikingly
limited. More precisely there are thresholds. This is to say that a wide range of
equipment options exists but that in terms of actual system capabilities there would
seem to be only three or four action options open to DEP.

One option is of course to do nothing. One could hire a million "Kelly Girls"
to handle the various aspects of CAFRA (monitoring, planning, public participation,
enforcement, etc.). This option can hardly be taken seriously.

There are however three options of system configuration that could be considered.
We feel strongly that only one of these is a viable option. But it is necessary to
identify the others if only to dismiss them.

It would be possible for a relatively small outlay in equipment and staff (perhaps
$35,000 plus three people) to create a prototype geographic information system for the
coastal zone. It would have to be housed entirely at the Department of Transportation,
and it would consist solely of cormercially-available software and administratively-
available data. The system could depend entirely on DOT's 370/145 for computer power,
and operate permanently on a static geographic base file. This system would be little
more than an illustration of what might eventually be accomplished. Each individual
step in its development would have to be devised, tested, and implemented by its three
staff members. In our opinion this option would be essentially an expensive toy with
no chance of being able to do enough soon enough to actually aid in the implementation
of CAFRA.

A second option more difficult to dismiss is that of acquiring the necessary
equipment and staff, working entirely with commercial packages. It would make it
possible to have the staff at DEP, but would give them no in-house computing power.
It would also require that all special purpose software be designed from scratch.
This option, costing around $90,000, would include a digitizing system as well as an
RJE terminal with printer/plotter output and the software necessary to implement an
updatable data base such as that of LUDA. - This option basically yields the mere
ability to produce thematic maps on a known file with known data. This is far short
of the versatile, interactive, and exploratory analysis capability that is needed.
The ability to form "what if" questions calls for a 1arge step -- one we feel is also
a deflnlng step of the system.

The third and most expensive option is that which we have proposed. We have
estimated that *to acquire all equipment and software necessary for a fully-interactive
geographic information system would cost between $200,000 and $250,000. Such a system
would be based on a dedicated mini-computer ait DEP which would handle all editing and
interacting functions but would rely for all major data processing on the large
computer at the Department of Transportation. This does not quite include all
possibilities since it assumes that RIE capacities could be deferred until the industry
prices come down below the current levels. Nevertheless, the state of the industry
is such that a completely functional (and now conventional) PLP geographic information
system can be had for a price that fits within DEP's budget. " We feel that anything
less than this ignores a major opportunity.

P
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Section 4

Examples of Computer Graphics

Examples of conventional printer graphics, plotter (mechanically-drawn)
graphics, electrostatic printer/plotter graphics, computer-output microfilm
graphics, and image processing graphics are available at the Department of
Environmental Protection or the Division of State and Regional Planning for
examination. In most cases, the graphics do not reproduce well so there is

no point in including them in the copies of this study being distributed for
review and comment.



CALENDAR

DSRP has no experience as a systems contractor -- and thus no basis
for assigning quantitative time-frames to the above schedule of
implementation activities. But the sequencing of those activities
has an internal logic, from which certain conclusions can be drawn.

. IF the conclusions of this report are accepted with little or no
modification by both DEP and the Bureau of Data Processing
Management (Treasury); and

. IF the staff nucleus is thereupon assembled by assignment of
current employees; and ~

. IF consensus among all affected parties is quickly reached as to
the sequence and priority of CAIS performance objectives;

THEN: it is not unreasonable to expect the publication of specifications
for bidding by September, 1975.

. IF the response to the RFP by the vendor community meets all specifi-
cations -- including those of system integration; and

. IF that response includes no great surprises, thus minimizing the
time needed to study bids and configure a system;

THEN: a contract award sometime in December 1975 may be anticipated,
with equipment delivery some 60 days thereafter.

. IF, in the meanwhile, a separate staff commitment has been made to
allow the design of data bases and collection of data to begin
as soon as the RFP is published; and

. IF a third CAIS task force has been similarly freed to design and
develop the first system application; and

. IF six months (Oct - March) proves to be enough time to complete
these interlocking tasks; and

. IF the purely mechanical aspects of the system can be shaken down
within 30 days of delivery (i.e., during March);

THEN: each of the three main subsystems of CAIS will be ready for
integration by April, 1976. The support system will have been
installed and tested; the two data bases will be ready for
implementation; and the premier system application will have been
designed and prepared. This leaves the final guarter of FY76 for
the "maiden run" of a completed CAIS, which is consistent with the
calendars proposed in CAFRA and in the Second Year Program under
CZMA.

Appendix B:
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Memorandum of Understanding °

It %ﬁ agreed th#t the Division of State and Regional Planning, beginning
Décember 9, 1974, will perform the Scope of Services, attached and made a part ‘
of this Memorandum of Understanding, for that portion of the program called
"Revised FY 75 Work Program for Development of New Jersey's Coastal Zone
Management Plan", and for performance of this Scope bf\?ervices the Department
of Environmental Protection will commit $25,000.

On a monthly basis, after submission of documented co;;s, the Department
of Environmental Protection will reimburse the Division of State and Régional
Planning fof those costs through a properly prepared Certificate of Debit and
Credit. Any services un&er this agreement may be sub-contracted only as agreed
to by both parties. All travel costs charged againét this project will be
consistent with the New Jersey Department of Treasury Travel Regulations.

Both parties.reserve the right to extend this Memorandum of Understanding
subjeﬁt to a revised Scope of Services to be prepared on or aBout January 10, 1975.

FIf’for any reason it is decided by.mutual agreement to discontinue thié

relationship, any costs incurred to date will be reimbursed to the Division and

all documents prepared will be made available to the Department of Environmental

, Protection.

Docrden ¢, 197 Deerdo £y979

date date

Dhrd £/l LA

Ri€hard A. Ginman, Director

: ' Division of State and Regional Planning
‘7! L/, ‘ ' for the Department of Community Affaire

for the Department of Environmental Protection
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G DECEMBER 1374

WORK PROGRAM

Introduction

The development of a Coastal Area Information System (CAIS) involves two
major interrelated activities:

. the organization of relevant data into a system of
automatically processable geocoded files;

. the design of a computer-assisted planning system
based on automated geographic analysis.

Fundamental to both these tasks is the specification in operational detail
of just what it is that the completed CAIS will be expected to do, and for
whom, and with what ease and reliability.

The development of such precise system performance specifications will
require the evaluation of a large number of separate subsystem operations
in terms of four basic parameters:

. the nature of the data universe involved
{small enough to keep on line? drawn from many different files?)

. the projected expertise of the operator
(computer professional? concerned citizen?)

. the location and sophistication of the equipment involved
(in-house or remote? dedicated or shared?)

. the desired response time between inquiries
(conversational or batch mode?)

The answer to these questions will almost certainly be quite different

for different parts of the system. Preliminary work of this kind suggests
that inconsistencies are all but unavoidable. It will be necessary to
compile a series of systems alternatives, and choose among several groups
of potential system performance goals.

It being axiomatic that all the desired performance goals can never be
achieved within the constraints imposed by limited resources, the most
critical aspect of the design process will be the assignment of priorities
across the catalogue of program goals, and the megotiation of trade-offs
among these competing claims on project personnel, funds and equipment.

It is as a consultant in these areas that Division of State & Regional
Planning proposes to make its primary contribution.
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The primary goal of the FY 75 work program is to resolve such major
design decisions, and produce a detailed set of functional specifications
that are consistent with (1) the CAFRA mandate, (2) the'federal Coastal
Zone Management Act, and (3) the available and projected resources for
CAIS system development., This system design will take the form of a
detailed work program for FY 76, leading to the implementation of an
operational Coastal Area Information System.

In addition to an operational description of system performance goals,
this work program for system implementation will demand the following
prerequisities: =~

I. organization of relevant data for system usability

II. evaluation of available software and specification of needed
additional capabilities

III. determination of best hardware configuration

IV. development of a (crude) system prototype as a basis for
evaluating alternatives and estimating implementation schedule

These four items form the outline which the Division of State and Regional

‘ Planning proposes for the remainder of FY 75.
Tasks Ca.
I. DATA

A. Assist the OFEA in the development of an inventory of data sets

being studied under Sections 2.1 through 2.4 of the Revised FY 75

Work Program for Development of New Jersey's Coastal Zone Manage-

ment Plan (RWP), dated November 1974, for inclusion in the Coastal
Area Information System (CAIS).

The product of this phase will be a documented evaluation of data
sets located by OEA under the RWP. Elements considered in the
evaluation will include:

data storage medium
record layout

. ease of input standardization

. . geocodability

. cost of acquisition/implementation
implicit machine requirements
evidence of completeness, accuracy and updatability
relationships among data sets, relevant to

data base management concerns
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B. Assist the OEA in the design and implementation of a format

!

"for acquisition of environmental inventory data from a variety

of sources' appropriate for use with a preliminary CAIS, as

~

defined in section 2.6 of the RWP.

IT. SOFIWARE

Identify and evaluate the available software packages applicable to .
CAIS, and specify those software capabilities that will have to be
developed especially for CAIS,.

The ultimate product in this phase will be a complete set of system
performance specifications for an implemented CAIS. For the reasons
set out in the introduction, it is not possible to specify at this
time the nature of this product with any precision. Many decisions
remain to be made as matters of DEP policy in this area. These
decisions call for the articulation of alternative performance goals,
and the implications of different actions at key decision points.

The immediate product under this work element will be a documentation
of the major options available (whether through government sources or
on the prlvate market) in each of -‘two areas:

storage/retrieval systems (DIME, LARS, IMS, etc.)

. mapping/analysis systems (ERTS, LCGSA, APL/CMS, etc.)
The activities under. this task and the next will be simplified and accelerated
by participation in the coming International Conference on Automation in
Cartography. This forum, hosted jointly by the American Congress on Surveying
and Mapping and the United States Geological Survey, will be held at the USGS
National Center in suburban Washington, D.C., December 9-12. This Conference
presents fortuitous opportunities both to evaluate alternative systems and to
examine potential hardware configurations. Recognizing the time constraints
under which CAIS development must take place, attendance at this Conference
is considered’'vital to the work program.

III. HARDWARE
Identify the major decisions to be made regarding CAIS equipment and
systems facilities; develop criteria for (1) selecting the most suitable

large-scale ADP installation for CAIS implementation, and (2) deciding
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when to acquire in-house equipment, and when to purchase the equivalent

services.

The product of this work element will be a detailed analysis of
the costs and benefits to DEP of implementing the CAIS in each
of several configurations. This analysis ig conceived to be an
ongoing activity, rather than a single document to be submitted
at the end of the work period (although a history of the analytic
effort will be provided at that time). It is anticipated that
many steps in the analysis will be highly context-dependent, i.e.
many hardware items will be attractive only as elements in a
particular configuration. The primary task of this analytic
effort is the articulation of these alternative configurations
and their several implications, in order to assure the wisest
possible investment of resources at the time of actual system
implementation.

IV. PROTOTYPE
Produce and demonstrate a prototype geographic analysis system, for
use as a base-line in comparing alternative approaches, projecting -
the CAIS implementation schedule, and evaluating potential techniques
of system application.

This prototype is intended to test the contention that all CAIS files
can usefully be related to the New Jersey State Plane Coordinate
System, and is expected to include the following elements:

. geographic base files of 1970 US Census Tracts;
data gathered as part of the USGS CARETS project;
. data gathered under the mandate of the Wetlands Act;
. procedures for producing automatic graphic analysis
of any data that can be identified with one of the
above data sets;
« procedures for creating and editing geocoded files;
. a method for identifying any arbitrarily defined
"area of critical concern'" in terms of these data;
. demonstration of all the above elements in systemic
operation, including explicitly drawn analogies to
' prospective applications of CAIS.

Schedule
The four areas detailed above represent a general overview of the

proposed DSRP effort to be funded under this memorandum. An explicit
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element in each of these areas would be the preparation of detailed work
plans covering the activities to be conducted during a given calendar
period. These work plans will be expected to include:
. definition of measurable objectives;
. assessment of resource needs (manpower and funds) ;
. identification of those program elements which can proceed
independently of each other--and of those which rely
on output from some other element as necessary input;
. description of a series of fallback positions (if we
aren't at point X by time Y, then what?),
. a plan for detecting problems in advance (i.e. how to avoid
having to take one of the fallback paths);
. assignment of functional and administrative priorities to
various work elements, as a basis for making critical
resource decisions in mid-stream,

For the reasons discussed in the opening section of this memorandum,
it is not realistic to attempt to project such precise work plans very' '
far into the future. Rather, it seems most prudent to chart the activities
in each work area from one major decision point to the next, as each of the
basic decisions is confronted and resolved.

We therefore propose that work begin immediately and simultaneously
on tasks I through IV, with a requirement that DSRP produce a detailed work
plan covéring the period through February no later than January 10, 1975.

A similar plan for the period covering March and April, 1975 will be due

on February 28. The final two months of the fiscal year will be covered

in a plan to be submitted April 28, 1975,
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COASTAL AREA INFORMATION SYSTEM: A Proposal
(Division of State and Regional Planning)

18 March 1975

The Division of State and Regional Planning has been operating as a technical
assistance arm of DEP's Office of Environmental Analysis since December 9, 1974¢
We have analyzed and evaluatedtechnical issues relating to implementation of
New Jersey's Coastal Zone Management Plan.

Our investigation focused on what kind of system could be put together
"off the shelf" wusing the "state of the industry” rdther than the state 6f the
art. This assumption appears justified. We found that the present state of
technology exceeds the ability to use it.

DEP has a problem to solve: it is not how to design the best of all possible
geographic information systems, but how to manage the Coastal Zone within the
mandate of the legislated timet§b1e. If purchase orders go out in June, a system
can be brought up by October. This would bring the powers of automation and
cohputerization to the routine manual tasks of large file maintenance. The chief
features of such a system would be gréphic display and user interaction. This
substantially speeds up the processes of evaluation and analysis. A Coastal Area
Information System would:

. maintain an inventory of environmental resources and other data
for the monitoring and management of economic development in the CZ;

. evaluate alternative sites or routes for proposed development
in terms of variable criteria;

. project secondary impacts of proposed policies or deve]opments;'and

. serve as a basic analytic tool for the development of a long range
Coastal Zone Management Plan. \

We have concluded that a more than adequate systém can be configured from
hardware, applications software, and extant geographic base files in under sixty
days. We estimate the cost of hardware at $144,000; possibly nothing for
digitizing; $85,000 for applications software; and in the neighborhood of

$100,000 for annual staff support (much of which is already on board and budgeted).
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DETAILS ON CONFIGURATION

I. Geographic Base File (GBF)

¢

A. As a part of its LUDA project, the USGS is preparing a
national GBF that will depict, to national map accuracy
standards:

. land use (per USGS circular #671, level II)
. watersheds (perimeters only)
1970 Census tracts and political boundaries
land tenure (Federal, State, private)

Stable-base transparencies of these maps, made to over-
lay on the USGS Topographic series (1:250,000), will be
available for New Jersey by this Fall; merged and edited
digital files are promised by the end of the calendar
year,

COST: $100.

B. There is now a variety of service agencies specializing
in the preparation of digital GBFs. In particular, i/o
Metrics, the firm preparing the LUDA files, is available
‘ : for contracted extensions of that work. Prices in
this market vary dvamatically, as do performance ability
(no bidder was able to meet the RFP standards of the
LUDA project using manual techniques).

C. To update the GBF and provide for the inclusion of
problem-specific details, some in-house digitizing
capacity is required. Hardware options range from
$1200 table top mechanical models to $150K programmable-
laser scanning gear (the basis of the i/o Metrics system).
A useful middle ground is occupied by free-cursor
electronic digitizing tables supported with interactive
file-editing software written for a minicomputer. Such
systems combine great accuracy with enough speed and
ease of use to allow for in-house expansion of the LUDA
base file to include:

point data, e.q. well records, environmental
sensor stations;

line data, e.g. roads, rivers, utility
rights-of-way;

incremented details and revisions, as they
become available.

‘@

Appendix F':



Sample acquisition costs:

&

. digitizing table - "Bendix"
(42" x 60", incl interfaces $16,500#
and x-y coordinate display)

keyboard and storage tube CRT 9.500
(for file editing) - "Tectronix"

software - "Ggodats" “40,000##
coST: 366,000

# Costs given to nearest $500. Trademarks (in quotes) are given for
items tentatively selected as "optimum”" among those researched.
Where market range exceeds 20% of item cost, representative

prices are given.

## Estimated partial of multi-function package.
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I1. Interactive Geographic Analysis (IGA)

Appendix F:

A.

In this context, "interactive" does not simply mean
some specified response time, but refers to a partic-
ular frame of mind relative to the task at hand. The
goal is a fundamentally heuristic mode of analysis,
with the computer used as the sounding board for a
gradually refined understanding. In some situations,
response time will be the critical factor; in others,
it may be more important to preserve a record of each
step in the analytic process itself for further study.
Accordingly, the IGA subsystem must provide both 'hard
and 'soft' media of interaction - both cathode ray tube
images and markable maps -- which in turn implies moth
batch and real-time modes of computation.

The term "geographic analysis" assumes the integration
of a conventional data base management system (DBMS)
with a geographic information system (GIS). The

DBMS handles the logical or structural relationships
among data items, while the GIS deals with their spatial
distribution. Both forms of inquiry must be available

in the twin analytic modes distinguished above.

These two paris of requirements yield four IGA "applica-
tion situations” for which hardware and software impli-
cations can be specified:

. "soft" (real-time) DEBMS inquiry
’ Hw: alphanumeric CRT terminal, on-line
storage
Sw: data base creation/maintenance
language

"soft" (real-time) GIS inquiry
Hw: wvectoring CRT terminal w/lightpen
or cursor, display processor
with DMA channel, more storage
Sw: spatial search, thematic mapping,
logical operators for file
combination, legend supplies

"hard" (batch-mode) DBMS inquiry
Hw: teletype terminal, line printer (COM?)
Sw: report generation language

"hard" (batch-mode) GIS inquiry
Hw: data entry terminal, plotter (COM?)
Sw: automatic thematic mapping packages



D. Assuming flat storage and a teletype will be provided
by the bPedicated Support Processor (DSP) as described.
below, the following cost estimates can be made for
the implementation of the IGA subsystem:

HARDWARE

Terminal + interface - "TTY ASR33" $2,500
(proven durability chosen here over newer,
less expensive -- but untried -- models)

17" vectoring CRT (refreshed), w/light pen, 10,000 (x)*
display processor (DMA) and interfaces

Note: refreshed CRTs demand more of c.p.u.
but are the only way to distort an image in
real time. Also, they are potentially less
expensive than a storage-tube CRT of equal
size--one of which is included with digitizer

. 20" electrostatic printer/plotter, inc. 15,500
. device software and interface - "Versatec"

Note: prints at 3001pm, plots at .75ips
regardiess of plot complexity; can produce
true halftone shading (e.g. for SYMAP)

COM (Computer Qutput Microfilm); to be pur- ---
chased as a service when needed. Vendor picks

up 800 bpi magnetic tape, delivers film or
prints.

SOFTWARE
DBMS - as described above $500 - $10,000

Note: DOT has neither the core space nor

the # available storage capacity to support
this function, which must therefore be
handled by the DSP in-house. The price
range reflects different “bundling" policies
among vendors.

GIS - as described above 45,000
Note:  this appears to be a unigue

produck. It includes the digitizing/editing
’ software broken out in section I above. -

#Areas where industry search is incomplete are markedi{x).
If a price is given, it represents the lowest price yet
found for an adequate unit.
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. Batch mapping packages

(SYMAP, CALFORM, GRIDS and POLYVRT

have already been purchased; the
Census Bureau will provide a package
for producing full color analytic maps
on a COM).

Report Generation language and statistical
packages (already supported at DOT
data center) -

TOTAL IGA COSTS

$73,500



[11. Dedicated Support Processor (DSP)

A. Five major functions must be supported concurrently
by the DSP:

Digitizing/editing of the GBF

Real-time graphic analysis using the
refreshed CRT

DBMS inquiry and maintenace

Communications inteérface with DOT
batch-processing (CMS/RJE)

Development of new applications programs

In addition, primarily through the medium of industry
compatible magnetic tape, the DSP will provide a link
to various outside service organizations, such as
digitizing and COM contractors.

B. Preliminary estimates, based on the experiences of

USGS, the Census and DCA/DSRP, project a GBF of some
10 million characters--depending on the chosen scope
and resolution of the file. The DBMS must, in turn,

’ assume a similar size. In an environment of heuris-
tic problem analysis, each new task can be expected
to generate many new files--data overlays, policy
models with alternate projections, etc. Even with the
highest hopes for good housekeeping among the files,
it seems only prudent to configure the system with
considerable elbow room in its mass storage. And in
a geographic analysis sytem, that must mean on-line
storage.

C. Considering the processor functions and storage require-
ments, the following estimates can be made about the
costs of an adequate DSP:

CPU (central processina unit) with 48k of

main memory and a real time executive,

including console, cabinet, and necessary

options ' $43,000(x’

Note: the minicomputer industry 1is
extremely competitive. Marketing
techniques make it hard to configure
identical systems for price compari-
son, To date, three manufacturers
have indicated an ability to meet
these performance requirements: Data
General, Digital Equipment Corp., and
Hewlett-Packard.

‘®
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Magnetic Disk storage (80M bytes) $32,000 (x)

The same comments apply here.

Magnetic Tape drive - 2400ft, 800bpi 10,500
RJE teleprocessing link -
7200 Baud, Teased line 3,000

Binary input/output - for system :
diagnostics (either paper tape 1.500 (x)
or magtape cassetts)

TOTAL DSP COST $90,000



Iv. Staff Requirements

A. The system here proposed is intended as a planning
tool, an aid in the fundamental process of problem
definition and analysis, the development of a strategy
for solution, the execution of that strategy and its
inevitable refinement as the problem is better
understood, and finally the documentation of work done
as it relates to past and future problems. But it
will not solve problems by itself.

B. Whatever specific tasks are given highest priority in
the course of the Coastal Zone Management Program, a
certain structural similarity will persist in how they
are approached. That is inherent in the system. 1In
this very general context, it may be useful to anti-
cipate the personnel requirements implicit in the
commitment to develop such a system. :

C. Tasks and Costs
. . A team of 3-4 planner/analysts @ $14-18K ea.

specify problem definition

develop and test .alternate
analytic approaches

document project results

2-3 programmers . @ $12-16K ea.
develop new applications
modules
run problem sets
expand and maintain DBMS
system documentation
1-2 technicians B $8-12K ea.

digitizing and GBF maintenance
system library maintenance

Hardware maintenance contracts @ $10K

TOTAL STAFF COSTS: 100K/yr
(approx).
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TOTAL SYSTEM COSTS

I 6 $66,000
II S 73,500
I1I ) 87,000

Purchase Price#: $229,500

#Many details of .financing are ignored here, e.g. government discount,
lease-to-purchase arrangements, option for rental of some elements.
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